Long term results after repair of congenital diaphragmatic hernia and esophageal atresia by Peetsold, M.G.
  
 
 
 
 
 
Long‐term results after repair of congenital 
diaphragmatic hernia and esophageal atresia 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
The research presented  in this thesis was performed at the Department of Pediatrics of 
the VU University Medical Center. This research was embedded in the Research Institue 
for  Cardiovascular  Research  of  the  VU  University  Medical  Center,  Amsterdam,  The 
Netherlands. 
Financial support  for printing this thesis was kindly provided by Stichting Researchfonds 
Kindergeneeskunde and Mead Johnson. 
ISBN 978‐90‐9025322‐0 
Printed by Haveka BV, Alblasserdam. 
 
© Marieke Peetsold, Amsterdam, The Netherlands 2010 
No part of this thesis may be reproduced, stored in a retrieval system, or transmitted in 
any  form or by any means, electronic, mechanical, photocopying, or otherwise, without 
the prior permission of the holder of the copyright. 
  
 
VRIJE UNIVERSITEIT 
 
 
Long term results after repair of congenital 
diaphragmatic hernia and esophageal atresia 
 
 
 
ACADEMISCH PROEFSCHRIFT 
ter verkrijging van de graad Doctor aan 
de Vrije Universiteit Amsterdam,  
op gezag van de rector magnificus  
prof.dr. L.M. Bouter, 
in het openbaar te verdedigen  
ten overstaan van de promotiecommissie  
van de faculteit der Geneeskunde  
op donderdag 10 juni 2010 om 9.45 uur 
in de aula van de universiteit,  
De Boelelaan 1105 
 
 
 
 
 
door  
Marieke Geesje Peetsold 
geboren te Aruba, Nederlandse Antillen 
promotoren:   prof.dr. R.J.B.J. Gemke 
prof.dr. H.A. Heij 
Contents 
 
Chapter 1                   1 
General introduction 
Adapted from Pediatr Surg Int 2009: 25(1): 1‐17. 
 
 
Part I Congenital diaphragmatic hernia        29 
 
Chapter 2                  31 
Pulmonary function and exercise capacity in survivors of 
congenital diaphragmatic hernia. 
Eur Resp J 2009: 34: 1140‐7. 
 
Chapter 3                  47 
Pulmonary function and exercise testing in adult survivors of  
congenital diaphragmatic hernia. 
Pediatr Pulmonol 2007: 42(4): 325‐331. 
 
Chapter 4                  59 
Congenital diaphragmatic hernia: Long‐term risk of  
gastro‐esophageal reflux disease. 
Accepted for publication in J Pediatr Gastroenterol Nutr. 
 
Chapter 5                  73 
Psychological outcome and quality of life in children  
born with congenital diaphragmatic hernia. 
Arch Dis Child 2009: 94: 834‐40. 
 
 Part II Esophageal atresia            87 
 
Chapter 6                  89 
Long‐term impairment of pulmonary function in patients  born  
with esophageal atresia: a minor role for gastro‐esophageal  
reflux disease. 
Submitted 
 
Chapter 7                  103 
Health‐related quality of life in children born with  
esophageal atresia  
Acta Paediatrica 2010: 99(3): 411‐7. 
 
Chapter 8                   115 
General discussion 
 
Chapter 9                   123 
Summary & Samenvatting 
 
List of abbreviations              133 
 
References                  137 
 
Dankwoord                 160 
 
Curriculum Vitae                163 
 
 
  
 
 
 
 
 
 
 
Chapter 1 
 
 
General introduction 
 
 
M.G. Peetsold1, H.A. Heij2, C.M.F. Kneepkens1, A.F. Nagelkerke1, J. Huisman3, 
R.J.B.J. Gemke1 
 
 
1Department of Pediatrics and 3Department of Medical Psychology, VU University Medical Center, 
Amsterdam. 2Pediatric Surgical Center of Amsterdam (VU University Medical Center and 
AMC/Emma Children’s Hospital), Amsterdam. 
 
 
 
 
 
 
 
 
Adapted from Pediatric Surgery International 2009: 25(1): 1‐17. 
 
 
 
Chapter 1 
2 
Long‐term morbidity after congenital diaphragmatic 
hernia 
Abstract  
Congenital diaphragmatic hernia (CDH) is a life‐threatening anomaly with a mortality rate 
of approximately 40–50%, depending on case selection.  It has been suggested that new 
therapeutic modalities  such as nitric oxide  (NO), high  frequency oxygenation  (HFO) and 
extracorporal membrane oxygenation  (ECMO) might decrease mortality associated with 
pulmonary  hypertension  and  the  sequelae  of  artificial  ventilation.  When  these  new 
therapies indeed prove to be beneficial, a larger number of children with severe forms of 
CDH  might  survive,  resulting  in  an  increase  of  CDH‐associated  complications  and/or 
consequences.  In  follow‐up  studies  of  infants  born  with  CDH,  many  complications 
including pulmonary damage, cardiovascular disease, gastro‐intestinal disease, failure to 
thrive,  neurocognitive  defects  and musculoskeletal  abnormalities  have  been  described. 
Long‐term  pulmonary  morbidity  in  CDH  consists  of  obstructive  and  restrictive  lung 
function  impairments  due  to  altered  lung  structure  and  prolonged  ventilatory  support. 
CDH has also been associated with persistent pulmonary vascular abnormalities, resulting 
in  pulmonary  hypertension  in  the  neonatal  period.  Long‐term  consequences  of 
pulmonary hypertension are unknown. Gastro‐esophageal reflux disease (GERD) is also an 
important contributor  to overall morbidity, although the underlying mechanism has not 
been  fully  understood  yet.  In  adult  CDH  survivors  incidence  of  esophagitis  is  high  and 
even  Barrett’s  esophagus  may  ensue.  Yet,  in  many  CDH  patients  a  clinical  history 
compatible  with  GERD  seems  to  be  lacking,  which may  result  in missing  patients  with 
pathologic reflux disease. Prolonged unrecognized GERD may eventually result  in failure 
to thrive. This has been found in many young CDH patients, which may also be caused by 
insufficient  intake  due  to  oral  aversion  and  increased  caloric  requirements  due  to 
pulmonary  morbidity.  Neurological  outcome  is  determined  by  an  increased  risk  of 
perinatal  and  neonatal  hypoxemia  in  the  first  days  of  life  of  CDH  patients.  In  patients 
treated  with  ECMO,  the  incidence  of  neurological  deficits  is  even  higher,  probably 
reflecting more severe hypoxemia and the risk of ECMO associated complications. Many 
studies have addressed  the substantial  impact of  the health problems described above, 
on the overall well‐being of CDH patients, but most of them concentrate on the first years 
after  repair  and  only  a  few  studies  focus  on  the  health‐related  quality  of  life  in  CDH 
patients.  Considering  the  scattered  data  indicating  substantial  morbidity  in  long‐term 
survivors  of  CDH,  follow‐up  studies  that  systematically  assess  long‐term  sequelae  are 
mandatory.  Based  on  such  studies  a  more  focused  approach  for  routine  follow‐up 
programs may be established.  
                                                                                                                                      Introduction 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Introduction 
Congenital diaphragmatic hernia  (CDH)  is a  life‐threatening congenital anomaly, with an 
incidence of approximately 1:2,500 live births.1,2 Despite advances in antenatal diagnosis 
and postnatal management, mortality rate remains stable around 40–50%.1‐4 It has been 
shown  that  overall  survival  rate  is  mainly  determined  by  the  rate  of  antenatal 
termination, the incidence of CDH associated anomalies, degree of pulmonary hypoplasia 
and pulmonary hypertension in the neonatal period.1,2,5‐7 Reports of improved survival of 
CDH should be interpreted with caution, as variations in outcomes are more likely to be 
explained by case selection bias.1 The incidence of malformations associated with CDH is 
33–50%.2,3,8,9  Major  anomalies,  like  cardiovascular  defects,  intestinal  atresias  and 
chromosomal  anomalies may  all  contribute  to  a  fatal  outcome.1‐3,8,10‐13  Several  non‐life 
threatening anomalies  such as atrial or ventricular  septal defect, Meckel’s diverticulum, 
neurological  abnormalities  and  genito‐urinary  abnormalities  are  also  more  frequently 
observed  in  CDH  patients.3,8  In  the  past  decades,  new  pathophysiologic  concepts  have 
been developed, leading to a change in therapeutic approach. Before 1985, surgical repair 
was  performed  on  an  emergency  basis,  because  it  was  believed  that  removing  the 
abdominal viscera from the chest allowed expansion of the lung on the involved side.14 It 
was  observed,  however,  that  the  clinical  condition  of  children with  CDH  rarely,  if  ever, 
improved  after  emergency  surgery;  in  fact,  many  children  were  significantly  worse 
postoperatively.15 This could be explained by the fact that pulmonary vascular resistance 
rapidly increases due to a variety of stimuli including endotracheal tube suctioning, loud 
ambient  noise,  pain,  hypothermia  and  atelectasis.  All  of  these  stimuli  are  enhanced 
during repair of the diaphragm. Furthermore it was demonstrated that surgical reduction 
of the hernia does not  improve lung mechanics and may even temporarily decrease the 
compliance of the chest wall.16,17 This can be explained by increased abdominal pressure 
associated with reduction of the viscera into the small abdominal cavity.16,17 When it was 
realized that surgical repair could further decrease lung compliance, which could be fatal 
in  a  patient  already  compromised  by  pulmonary  hypoplasia  and  persistent  pulmonary 
hypertension,  repair  was  delayed  and  performed  after  patients  were  stabilized  and 
adequately  oxygenated  with  minimal  ductal  shunting  on  conventional  ventilation.4,18 
Delayed surgery is theorized to provide additional time for remodeling of the pulmonary 
vasculature, leading to a more stable infant, who is better able to tolerate a postoperative 
decrease  in  compliance.16,19  Although  a  significant  change  in  survival  after  the 
introduction of delayed surgery was not observed,4,20‐22 a strategy of delaying correction 
of the defect for some period of time have been adopted by centers, with the majority of 
patients undergoing operation beyond 24 h of age.23,24 The introduction of ECMO in the 
early  1980’s  was  expected  to  improve  the  outcome  for  infants  with  pulmonary 
hypertension refractory to maximal conventional medical management. Roughly 50% of 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infants  with  high  risk  CDH  are  treated  with  ECMO,25,26  the  results,  however,  remain 
disappointing.1,21,27 Some authors reported an improved survival rate when incorporating 
ECMO as a preoperative stabilization or postoperative rescue therapy,26,28,29 while others 
found a relatively unchanged mortality rate.1,21,22,27,30 It is difficult to accurately compare 
results  of  those  studies  because  each  center  varies  in  degree  of  illness,  ventilatory 
management,  timing  of  surgery,  ECMO  and  selection  criteria  for  ECMO.  Another 
confounding  feature  of  reports  of  survival  in  CDH  patients  treated  with  ECMO  is  the 
unreliability  of  historic  controls.1,26,27  Furthermore, most  studies  have  a  relatively  short 
follow‐up period, while significant late mortality has been found in CDH patients treated 
with ECMO.31 If the use of ECMO has indeed a beneficial effect on survival, than it might 
be possible that a larger number of severely affected infants would nowadays survive.32 It 
is  likely  that  these  infants will  have more  severe pulmonary  hypoplasia  and pulmonary 
hypertension  implying  more  serious  long‐term  morbidity.26,31,33  The  last  decade  fetal 
endoscopic  tracheal  occlusion  (TO)  has  been  developed  as  an  alternative  strategy  to 
promote  fetal  lung growth by preventing normal outflow of  lung  fluid. Occlusion of  the 
fetal trachea was shown to stimulate fetal growth in a variety of animal models.34‐40 On 
the other hand, prematurity caused by the intervention itself can be detrimental. Results 
of  studies  regarding survival  rate and TO are ambiguous and  it  is not yet clear whether 
survival rates will  improve with this new technique.41 Harrison et al. showed in a (small) 
randomized  controlled  trial  comparing  fetal  endoscopic  TO  to  standard  care  that 
mortality is equal.42 Data concerning long‐term outcomes of fetal endoscopic TO are very 
scarce.43,44  Traditionally  most  attention  has  been  focused  on  therapies  that  reduce 
perinatal and neonatal mortality, while relatively few studies have addressed the chronic 
morbidity  and  long‐term  outcome.  In  follow‐up  of  infants  born  with  CDH,  many 
complications  have  been  described.  In  the  following  sections,  we  will  describe  the 
pulmonary, cardiovascular and gastro‐intestinal morbidity secondary to CDH. We will also 
discuss  failure  to  thrive,  neurodevelopmental  outcomes, musculoskeletal  abnormalities 
and health‐related quality of life in CDH patients. 
 
Pulmonary morbidity  
Structural lung abnormalities and the influence of treatment 
One  of  the  major  characteristics  of  CDH  is  pulmonary  hypoplasia  and  an  altered  lung 
structure,  consisting of  a  reduced number of bronchi,  a  reduced number of  alveoli  and 
structural abnormalities of the pulmonary vascular bed. The latter will be discussed in the 
next  section.  The  number  of  normal  bronchi  is  reduced  in  the  ipsilateral  lung  and  to  a 
lesser degree in the contralateral lung.45,46 Beals et al. showed that the number of bronchi 
did  not  increase  in  time,  which  is  compatible  with  Reid’s  statement  that  ‘‘bronchial 
development  is  complete  by  16  weeks  of  life’’.45,47  The  alveolar  number  on  the  other 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hand,  can  increase  over  time.  A  significant  increase  in  alveolar  number  in  the 
contralateral lung, in contrast to the ipsilateral lung, was found in patients with CDH who 
deceased before they were 8 days old, between 8 and 21 days old and after they were 21 
days old.45 Compared to normal lung tissue, there was still a reduction of the number of 
alveoli  in  the  ipsilateral  lung  and  to  a  lesser  degree  in  the  contralateral  lung.6,45  In 
addition  to  the  increase  in alveolar number,  it has been shown  that  size of alveoli may 
increase, resulting in overdistension of the alveoli to fill the hemithorax after repair.46 48 In 
addition  to  structural  lung  abnormalities,  treatment may  also  contribute  to  pulmonary 
morbidity.  In  the  past,  one  of  the  treatment  strategies  has  been  the  use  of 
hyperventilation  to  achieve  alkalosis.  The  principle  of  this  hyperventilatory‐induced 
alkalosis  was  used  to  reduce  pulmonary  vascular  resistance  and  to  reverse  ductal 
shunting.  This  approach  frequently  requires  high  peak  airway pressures  and  these may 
cause  lung  injury.4,49  Lung  injury,  secondary  to  mechanical  ventilation  can  result  in 
pulmonary  edema  and  protein  leak,  also  known  as  ventilator‐induced  lung  injury,50 
resulting  in denaturation of surfactant and consequently  lung damage.51 This ventilator‐
induced  lung  injury  due  to  high  pressure  ventilation  appears  to  be  one  of  the  major 
contributors  to  mortality  in  CDH  patients  and  therefore  the  strategy  of  high  pressure 
ventilation  has  been  abandoned.4,49,52,53  Since  the  introduction  of  ‘‘permissive 
hypercapnia’’  (i.e,  allowing  higher  concentrations  of  carbon  dioxide  in  the  blood  to 
prevent  barotrauma),  an  improved  survival  rate  has  been  documented.4,19,49,52 
Nevertheless,  barotrauma  is  still  an  important  contributing  factor  to  lung  injury, which 
could  possibly  be  further  reduced  by  the  use  of  ECMO.28  But  as  stated  before,  the 
benefits of ECMO in CDH and the effect of ECMO in the long‐term are controversial. It has 
been  demonstrated  that  neonatal  ECMO  survivors  treated  for  meconium  aspiration 
syndrome experience  lung  injury,  such as hyperinflation,  airway obstruction and  lower‐
oxygen  saturation  with  exercise,  in  later  childhood.54  This  finding  persisted  when  they 
were  compared  to  non‐ECMO‐treated  survivors.55  Others  found  that  the  pulmonary 
function of ECMO‐treated  infants  (non‐CDH) appeared to be slightly better  than that of 
infants treated conventionally.56 
Fetal tracheal occlusion 
In animal experiments, fetal TO has been shown to accelerate lung growth,57 on the other 
hand,  surfactant  deficiency  associated  with  TO  could  lead  to  deterioration  in  lung 
function  with  longer  periods  of  ventilation.58  Effects  on  pulmonary  function  of  CDH 
patients  treated  with  fetal  TO  are  preliminary.  Keller  et  al.  measured  respiratory 
mechanics  in  the  first 24 h after birth, before CDH repair,  immediately after  repair and 
before  elective  extubation.  They  found  that  fetal  TO  for  severe  CDH  results  only  in 
modest  improvements  in  neonatal  pulmonary  function.43  Cortes  et  al.  performed  a 
follow‐up study of 16 CDH survivors, 7 of them were treated with fetal TO. Percentages of 
patients  needing  oxygen  supplementation  after  discharge  and  use  of  pulmonary 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medications  were  similar  in  both  groups.  Pulmonary  function  (n=13)  did  not  differ 
between the groups.44 
Respiratory symptoms  
Several  follow‐up  studies  exploring  respiratory  symptoms  in  CDH  survivors  yield 
contradictory  results.  Symptoms  like  coughing  or  recurrent  respiratory  infections  have 
been  reported  by  25–50%  of  affected  children,  especially  in  the  first  year  of  life.48,59‐61 
Bronchodilators  and  inhaled  steroids were,  at  least  transiently,  used by  the majority of 
CDH patients, during  the  first year of  life and  thereafter.61,62  In other  studies, however, 
none  of  the  participating  children  had  significant  respiratory  symptoms,63,64  suggesting 
that CDH patients were doing well, regarding long‐term pulmonary outcome. Despite the 
subjective  impression  that  CDH  survivors  older  than 2  years  generally were doing well, 
objective data are scarce, due to a limited number of included patients.62,65 
Pulmonary function 
Spirometric testing of CHD patients revealed evidence of obstructive airway disease when 
compared with healthy  controls.48,62,64,66‐69  Some authors describe  that one‐third of  the 
CDH  patients  have  reduced  forced  expiratory  volume  in  1  s  (FEV1)  and  forced  vital 
capacity  (FVC).62,69  FEV1  is  an  index  for  assessing  airway  obstruction  and  is  often 
performed  in  conjunction  with  FVC,  i.e.  the  volume  of  air  that  can  be  forcibly  and 
maximally exhaled out of the lungs. FEV1 and/or FEV1/FVC are decreased in patients with 
airway obstruction. Wischerman et al. reported normal FEV1 in CDH patients, but found a 
tendency  to  obstruction  of  the  smaller  airways  illustrated  by  reduction  in  the  mid‐
expiratory  flow  rate  and  raised  specific  airway  resistance.  There  was  no  correlation 
between the extent of pulmonary hypoplasia, assessed during the operation and by pre‐
and postoperative chest X‐rays, and reduction of airflow rate.59 Although FEV1 improves in 
approximately  half  of  the  patients  after  bronchodilator  therapy,68,69  it  remains 
significantly lower when compared to healthy subjects.69 Furthermore, there is evidence 
for  more  peripheral  airway  obstruction  in  CDH  patients  possibly  due  to  structural 
abnormalities in distal airways.69 It has been speculated that there must be some degree 
of  emphysema  because  of  the  finding  of  a  high  residual  volume  total  lung  capacity 
(RV/TLC)  ratio,  despite  the  lack  of  airway  dysfunction.66  Others  suggest  that  the  high 
RV/TLC ratio (index for the amount of trapped air after full exhalation) is associated with 
chest wall deformity.68 Trachsel et al. demonstrated that CDH patients with a chest wall 
deformity (moderate to severe pectus excavatum) had a significantly higher RV/TLC ratio 
(40.4  vs.  27.9%).68  It  has  been  known  that  pectus  excavatum  patients  have  slightly 
impaired pulmonary  function, which may be due  to decreased  compliance of  the  chest 
wall.70 It is hypothesized that reduced‐lung tissue and consequent alveolar distension may 
result in early airway closure as found in the aging emphysematous lung, which could be 
an additional risk factor in the development of chronic obstructive disease on the longer 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term.48,71 Some long‐term follow‐up studies indicate a higher incidence of restrictive lung 
function impairment among CDH patients compared to the healthy population especially 
when  there  was  a  large  diaphragmatic  defect,63,65  while  others  cannot  confirm  this 
finding.59,66 Overall CDH patients appear not to have an important reduction of total lung 
capacity  in  their  school‐and  adolescence  years.66,68,69  A  negative  correlation  has  been 
demonstrated  between  the  duration  of  ventilation  and  pulmonary  function  at  follow‐
up,63,69 illustrated by the fact that CDH patients who had been ventilated for more than 7 
days had significantly lower FEV1 and vital capacity (VC) than CDH patients who had been 
ventilated  for  less  than  7  days.69  This  could  reflect  the  severity  of  the  pulmonary 
disease,63 but can also be the consequence of ventilator induced barotrauma. Sakurai et 
al.  found microscopic  evidence  of  significant  pulmonary  injury  related  to  the  pressure 
effects  of mechanical  ventilation  in  deceased  infants with CDH,  implying destruction of 
the alveolar‐capillary membrane.49 The diffusion capacity (i.e. rate at which a gas diffuses 
through  the  alveolar‐capillary  membrane)  corrected  for  alveolar  volume  (D’L,CO/VA) 
however, appears to be normal in CDH patients compared to healthy subjects suggesting 
that the alveolar membrane is not damaged.68,69  
Sport practice and cardiopulmonary exercise testing 
CDH patients  achieve  normal  aerobic  capacity  (V’O2,max)  (an  index  for maximal  oxygen 
uptake during maximal  exercise;  it  can determine an athlete’s  capacity  and  is  linked  to 
aerobic endurance) when performing a maximal exercise test,66 which is compatible with 
the  normal  diffusion  capacity  that  has  been  described.69,72  Nonetheless,  Italian 
investigators  report  significantly  lower  V’O2,max  for  CDH  patients  representing  a 
decreased degree of physical fitness.67 This could (partially) be explained by the fact that 
Italian law strictly regulates access to sports by requiring a thorough medical examination 
before the start of sports activity and that CDH patients may therefore not practice sport 
regularly. When comparing CDH patients active in sports and controls active in sports, the 
difference  in V’O2,max  still  remained.
67  All  participating  patients  considered  themselves 
healthy and they did not have any particular symptom. In the study from Marven et al,66 
CDH  patients  perceived  their  own  fitness  to  be worse  than  the  healthy  control  group. 
Other  studies  demonstrate  that  around  20%  of  interviewed  CDH  patients  consider 
themselves less fit than their healthy peers.59,65,73 It seems most likely that the decreased 
V’O2,max found by Zaccara et al. is due to a lower degree of physical fitness.
67 Fitness can 
be  increased  by  regular  motor  activity  and  therefore  they  recommend  active  sports 
participation for CDH children. It can be concluded that, although patients surviving CDH 
do not have many respiratory symptoms in their (pre‐)school years, the majority of CDH 
survivors  have  some  degree  of  obstructive  and/or  restrictive  airway  disease  when 
carefully examined. The diffusion capacity appears to be normal but a significantly lower 
V’O2,max has been demonstrated in CDH survivors possibly representing a lower degree of 
physical fitness, though the number of patients who were investigated in this study was 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rather small. CDH survivors might be at risk for developing pulmonary emphysema due to 
consequent alveolar distension, but  it  remains unclear whether  the alveolar membrane 
has been damaged. Also the  introduction of more advanced  interventions, such as  fetal 
TO  requires more  research on  long‐term pulmonary  function has  to be done  to  further 
clarify CDH associated pulmonary sequelae. 
Cardiovascular morbidity 
Pulmonary vasculature 
In addition to structural abnormalities of alveoli and airways in infants born with CDH, the 
pulmonary  vascular  bed  also  appears  to be  abnormal.  Several  studies  have  shown  that 
under normal conditions, when approaching full term, pulmonary arteries show reduction 
in  medial  thickness.74‐76  Molecular  basis  underlying  these  changes  in  pulmonary 
vasculature during gestation are not known yet. The role of vascular smooth muscle cells 
appears to be crucial.77 The physiologic reduction in medial thickness when approaching 
full  term was  not  observed  in  CDH  lungs.76‐78  Pulmonary  vascular  abnormalities  in  CDH 
consist of decreased number of pulmonary arteries per unit lung volume and an increase 
in the medial, adventitial and consequently total wall thickness of all arteries.4,45,76‐81 Due 
to  failure  of  vascular  remodeling,  peripheral  muscularization  of  pulmonary  arterioles 
resulted  in  particularly  medial  and  adventitial  thickening.15,78,79,81  The  arterioles  are 
predominantly responsible for pulmonary vascular resistance.15,79  
ECMO and pulmonary vasculature  
There are differences observed between lungs of ECMO‐treated CDH patients and lungs 
of  non‐ECMO‐treated  CDH  patients.  Whereas  adventitial  thickness  and  total‐wall 
thickness appeared to be reduced in ECMO‐treated CDH patients when compared to non‐
ECMO  CDH  patients,  medial  thickness  remained  increased.77,82  Although  pulmonary 
arterial  pressure  decreases  during  2  weeks  of  ECMO,  the  small  acinar  arteries  remain 
thick‐walled.  Therefore  ECMO  may  result  in  remodeling  or  muscle  relaxation,82 
ameliorating pulmonary hypertension. Beals et al. found fewer numbers of arteries with 
increased muscular wall thickness and a lower percentage of muscularization of arteries 
in deceased infants with CDH with increasing age suggesting that natural history may also 
play a role.45 A number of these infants had been treated with ECMO. These results are 
consistent with  the experience that  the tendency to pulmonary hypertension decreases 
over time.45 Unfortunately, the time period over which these changes occur exceeds the 
current  limitations  of  invasive  support  measures  such  as  ECMO.45  TO  might  be  a 
promising  alternative,  since  it  has  been  shown  that  this  intervention  can  reverse  the 
pulmonary  arterial  structural  changes  that  are  seen  in  the  nitrofen‐induced  fetal  rat 
model  of  CDH,  suggesting  that  TO might  reduce  pulmonary  vascular  reactivity.83 More 
research  in  this  area  is  mandatory.  Apart  from  the  pulmonary  vascular  abnormalities 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observed  in  CDH  patients,  an  altered  expression  of  several  factors may  be  involved  in 
regulation of the vascular tone.84,85 All these factors together may predispose infants born 
with CDH for pulmonary hypertension.45,76,77 
Pulmonary hypertension and follow‐up 
In  general,  only  few  reports  investigate  natural  course  of  persistent  pulmonary 
hypertension  of  the  newborn.  In  infants  with  pulmonary  hypertension  in  the  neonatal 
period due  to  chronic  neonatal  lung disease,  echocardiographic  evidence of  pulmonary 
hypertension was  found  in almost 25% of  these patients after 2–5 years, while none of 
them  had  clinical  symptoms.86  Most  of  the  long‐term  consequences  of  pulmonary 
vascular  abnormalities  in  CDH  patients  are  unknown.62  As  stated  before,  vascular 
abnormalities might  contribute  to  the  development  of  pulmonary  hypertension  in  CDH 
patients  in  the  neonatal  period.  In  the  first  3  weeks  of  life,  pulmonary  hypertension 
resolves spontaneously in almost half of the CDH patients without the need for ECMO.87 
There  are  few  studies  describing  pulmonary  hypertension  in  CDH  survivors  beyond  the 
neonatal period,  in most of these, patients were treated with ECMO.33,88,89  Iocono et al. 
identified  7  patients  with  pulmonary  hypertension  out  of  40  CDH  survivors  at  time  of 
discharge, by echocardiographic measurements. One of them died, while the remaining 6 
survived with normalization of pulmonary vascular pressure at an average age of around 
400 days.89 Schwartz et al. documented that 8 of 21 CDH patients (age 3.2 ± 1.4 years) in 
their study group met the criteria of pulmonary hypertension, such as right axis deviation 
or right ventricular hypertrophy. Only 2 of these 7 patients desaturated mildly during the 
maximal  exercise  test  (1  patient  was  too  young  to  perform  the  test).  One  of  their 
patients,  diagnosed  with  severe  pulmonary  hypertension,  eventually  needed  lung 
transplantation.88 Van Meurs et al. performed a complete cardiological evaluation  in 14 
CDH  survivors.  All  children  had  normal  auscultation  and  oxygen  saturation.  The 
electrocardiogram  showed  evidence  for  right  ventricular  hypertrophy  in  6  of  the  14 
children; however, this could also be related to cardiac malposition due to the underlying 
pulmonary hypoplasia.33 In a group of 24 survivors of mild to moderate CDH, studied by 
Stefanutti  et  al.,  no  echocardiographic  signs  of  pulmonary  hypertension  were  found.63 
Recently  a  nearly  normal  resting  and  exercise  cardiorespiratory  function  has  been 
reported  in  CDH  survivors  aged  10–16  years  without  evidence  for  exercise‐induced 
pulmonary hypertension measured by echocardiography and maximal exercise testing.72 
So  far  there  is only one study describing potential  consequences  in adulthood. Exercise 
capacity  and  gas  exchange  parameters  were  normal  in  all  12  adult  CDH  survivors, 
indicating these patients have a normal pulmonary vascular bed.90 
Lung perfusion 
There  are  several  studies  investigating  long‐term  lung  perfusion  of  CDH  survivors  by 
performing pulmonary perfusion scintigraphy. It has been demonstrated that in survivors 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of  left  side hernia  repair, mean perfusion of  the  ipsilateral  lung was  lower  than  that  in 
healthy children and in the contralateral lung.48,62‐65,71 Patients who were ventilated for 4 
days or more had poorer perfusion  than patients who had  required  shorter  ventilatory 
support.48 Secondary lung injury may play an important role because ventilatory support 
and  supplemental  oxygen  were  required  for  a  long  period  of  time.71  Presence  of 
persistent  pulmonary  hypoperfusion  on  the  side  of  the  diaphragmatic  defect  suggests 
that an anatomic impairment of variable degree is still present several years after surgical 
repair in CDH patients and might reflect a limited ability of the ipsilateral lung to develop 
additional  arterial  branches.63,71  It  has  been  speculated  that,  because  of  persistence  of 
poorly perfused ventilated areas representing dead space, these patients have increased 
intrapulmonary shunting and hypoxemia possibly leading to pulmonary hypertension.62 In 
summary,  CDH  has  been  associated with  pulmonary  vascular  abnormalities which may 
result  in  pulmonary  hypertension.  Scintigraphic  studies  have  shown  that  there  is 
persistent hypoperfusion on the affected side. The long‐term consequences are not clear. 
Notably,  all  studies  described  above  include  a  relatively  small  number  of  patients  and 
most  studies  contain  a  heterogeneous  group of  patients.  It  is  still  complex  to  diagnose 
pulmonary  hypertension  in  an  early  stage  because  pulmonary  hypertension  may  not 
become evident until complaints resulting from a significant degree of right heart failure 
become  apparent.  While  there  are  techniques  enabling  detection  of  pulmonary 
hypertension in an early stage,91,92 it is still unclear whether routine assessment of these 
techniques is justified as part of the long‐term follow‐up of CDH. 
Gastro‐intestinal morbidity 
Gastro‐esophageal reflux disease 
Pathophysiology 
Gastro‐esophageal  reflux disease  (GERD)  is  a well‐recognized  consequence of CDH.  The 
mechanisms  responsible  for GERD  in CDH  survivors have not been  clarified and  several 
theories have been proposed. Firstly, it has been suggested that elevated intra‐abdominal 
pressure,  resulting  from  positioning  the  hernial  contents  into  the  abdominal  cavity,  in 
combination  with  reduced  intrathoracic  pressure,  increases  the  abdominal‐thoracic 
pressure gradient, which could predispose to GERD.93,94 Secondly, abnormal anatomy of 
the gastro‐esophageal  junction caused by  the  rudimentary or absent  left diaphragmatic 
crus,  might  contribute  to  occurrence  of  postoperative  reflux.33,95  Especially  when  the 
stomach  initially was positioned  in the chest,  the  lack of an  intra‐abdominal esophageal 
segment  following  repair would adversely  affect  the angle of His.94  The  combination of 
increased  abdominal‐intrathoracal  pressure  gradient  and  underdevelopment  of  the 
diaphragmatic crus may increase the strain on the crus and result in an insufficient anti‐
reflux  barrier  and  favorable  conditions  for  hiatus  hernia  and  GERD.96,97  Thirdly, 
abnormality  of  the  esophageal  dimensions  might  also  contribute  to  development  of 
                                                                                                                                      Introduction 
11 
GERD. The lesion might be congenital and may result (in part) from extrinsic pressure on 
the mediastinum and developing esophagus caused by the herniated viscera very early in 
gestation. Stolar et al. noted a mediastinal mass on plain chest radiographs obtained after 
repair  of  CDH  in  20  of  21  patients.  Subsequent  upper  gastro‐intestinal  (UGI)  series 
showed  it  to be a dilated ectatic esophagus. After 5 years, esophageal contour was still 
abnormal, while in 9 of 13 patients pathologic reflux was diagnosed by pH studies.98 This 
phenomenon was  also  described  by  van Meurs  et  al.  In  retrospective  analysis  of  chest 
radiographs, they identified a mega‐esophagus in 40% of CDH survivors.33 
Incidence of GERD in the short term  
According  to most  studies,  the  incidence  of  GERD  in  the  first  years  after  repair  ranges 
between  20  and  72%.33,93,96,99‐101  Even  higher  incidences  have  been  reported.32  The 
clinical  presentation may  vary,  including  recurrent  vomiting  or  regurgitation,  recurrent 
episodes  of  bradycardia  and  respiratory  arrest,  failure  to  thrive  and  recurrent 
pneumonia.96  In  the  study  by  van Meurs  et  al.,  symptoms  consistent  with  GERD were 
present  in  16  of  18  children  (CDH  patients  treated  with  ECMO)  during  the  initial 
hospitalization.  At  the  time  of  discharge,  8  patients  were  receiving  nasogastric  or 
gastrostomy  tube  feedings. One child  required a gastrostomy  tube  for  severe  failure  to 
thrive. None required surgical anti‐reflux procedure.33 Koot et al. performed a prospective 
evaluation of GERD in patients treated for CDH. Six months after closure of the defect, 17 
of  the  31  patients  had  pathologic  reflux  on  UGI  series.  Nine  patients  were  treated 
conservatively  by  maintaining  supine  position  and  by  frequent  administration  of  small 
amounts  of  oral  nutrition.  Seventeen  patients  (with  and  without  symptoms)  received 
medical  treatment.  In  3  patients,  who  did  not  respond  sufficiently  to  this  treatment, 
Nissen  fundoplication  was  performed.  After  surgery,  clinical  parameters  improved  and 
investigations confirmed disappearance of GERD.99 In a study by Fasching et al., although 
20 of 25 children had no major clinical symptoms suggesting GERD in a follow‐up period 
of 1–17 years, GERD was demonstrated with UGI series or 24‐h pH studies in 8 of them. In 
contrast,  of  the  5  symptomatic  children,  only  2  actually  had GERD,  the  other  3  having 
normal test results. Seven patients (28%) underwent a surgical anti‐reflux‐procedure.93 In 
the retrospective study of Muratore et al., 27 of the 45 CDH survivors appeared to have 
significant GERD confirmed by UGI series, 25 of them needing fundoplication.100 Again it is 
difficult  to  accurately  compare  results  of  those  studies  because  each  study  varies 
regarding  CDH  severity,  postoperative  CDH management  (ECMO  or  not)  and  follow‐up 
period.  Furthermore,  different  definitions  for  GERD  have  been  used,  ranging  from 
symptoms  suggestive  for GERD  to  the need  for  anti‐reflux  surgery.  Finally most  studies 
contain only a small group of patients, which hampers the generalizability of the results. 
Incidence of GERD in the long‐term  
Reports concerning long‐term gastro‐intestinal morbidity in adults with repaired CDH are 
scarce. Vanamo et  al.  examined 60 of  107 CDH  survivors  aged 14–49  years. At  time of 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follow‐up,  38  of  them  reported  symptoms  suggestive  of  GERD,  mainly  heartburn  and 
regurgitation.  Endoscopy  showed  macroscopic  esophageal  pathology  in  12  of  the  41 
recruited  patients,  an  alarming  finding  being  that  Barrett’s  esophagus  was  found  in  4 
patients.102  Recently  the  first  CDH  survivor  with  esophageal  adenocarcinoma  has  been 
described,  22  years  after  CDH  repair.103  Vanamo  et  al.  found  that  hiatus  hernia  was 
present in 30 patients,102 although as such this  is not an uncommon finding in the adult 
population in the western world.104 The overall prevalence of esophagitis was 54%, which 
is significantly higher than the expected 2% of endoscopically assessed esophagitis in the 
general adult population.105,106 Predictive value of symptoms for detection of esophagitis 
is poor: 6 of the 22 patients with esophagitis were completely asymptomatic and only 14 
of  the 26 patients with heartburn or regurgitation had esophagitis. Esophageal stricture 
was found in 2 of 11 patients with early postoperative GERD.102  
Prediction of GERD in CDH survivors  
Several authors have attempted to define clinical variables that may predict GERD, with 
controversial  outcomes.  Koot  et  al.  could  not  identify  a  specific  predictive  variable, 
although  they  suggested  a  relation  between  duration  of  artificial  ventilation  and 
development  of  GERD.99,107  Vanamo  et  al.  also  reported  a  significant  relation  between 
duration  of  ventilatory  support  and  GERD.  In  addition,  they  found  that  early 
postoperative  GERD  was  more  common  in  patients  with  respiratory  distress  who  had 
been symptomatic within 6 hours after birth. Furthermore, postoperative  intolerance of 
enteral  feedings  and  prolonged  hospitalization  were  found  predominantly  in  patients 
with  symptomatic GERD.102  There might or might not be  an  association between GERD 
and  preoperative  thoracic  position  of  the  stomach.96,108  Fasching  et  al.  found  no 
significant  relation  between  the  size  of  the  defect  and  occurrence  of  GERD,  but  they 
found severe GERD in all 3 examined patients with a patch.93 Yet, GERD appears to some 
extent  to be  related  to  size of  the diaphragmatic defect, because  it was more  frequent 
and more  severe  in  children  requiring  a  prosthetic  patch  or  ECMO.28,32,33,101,108  On  the 
other hand, use of a prosthetic patch could possibly diminish morbidity related to GERD 
by  lowering  the  strain on  the  left  crus.96,107  Furthermore,  the diaphragmatic patch may 
reduce abdominal pressure and facilitate postoperative ventilation.96 This contrasts with 
results  of  other  studies  reporting  that  requirement  of  a  patch  is  an  independent 
determinant that predicts occurrence of GERD.100,108,109 While the mechanism responsible 
for GERD  in CDH  is still unclear, GERD as such  is an  important attribute of overall  short 
term and long‐term morbidity of CDH.102  
Other gastro‐intestinal problems 
Intestinal  malrotation  is  obligatory  in  babies  born  with  CDH.  It  is  assumed  that  this  is 
related to abnormal positioning and fixation of the bowel in an abdomen that, although 
reduced  in  size,  has  a  wide  communication  with  the  thorax.110  As  a  result,  intestinal 
obstruction due to midgut volvulus or adhesions occurs in approximately 10–20% of CDH 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patients.32,102,111  The most  commonly  performed  second  surgical  intervention  in  CDH  is 
reexploration  for  small  bowel  obstruction.32,111  This  percentage  is  considerably  higher 
than those of postoperative intestinal obstruction in other patients who had laparotomy 
in  the neonatal period,  infancy and childhood  (2.2–6%) and  in patients who had Ladd’s 
procedure  for  malrotation  (8.3%),112‐114  but  comparable  to  patients  operated  for 
gastroschisis  or  omphalocele.115  Several  mechanisms  may  contribute  to  the  increased 
susceptibility  to  intestinal  obstruction  among  patients  with  diaphragmatic  defects.  The 
malrotation  predisposes  to  volvulus  of  the  intestine.  The  prolonged  intestinal  paralysis 
caused by critical illness in the neonatal period and its treatment may enhance adhesion 
formation.  Increased  intra‐abdominal  pressure may  further  interfere with  peristalsis.102 
Finally,  non‐specific  abdominal  problems  such  as  hiccups,  vomiting,  meteorism,  and 
abdominal pain occurred in 13.3% of the children during follow‐up.59  
Failure to thrive 
Pathophysiology 
Failure to thrive has been noted in many CDH survivors.32,33,60 Pathophysiology of growth 
retardation  in CDH  is complex and  includes catabolic  stress  in  the neonatal period, oral 
aversion,  GERD  and  an  increased  caloric  requirement  due  to  persistent  pulmonary 
morbidity.109,111 Some authors reported that 20–30% of their patients remain at or below 
the  5th  percentile  for weight,  despite  optimization  of  caloric  intake.109,111 Other  studies 
show  that  nutritional  and  growth  problems  are  affecting  nearly  half  of  the  patients.32 
Several  contributing  factors have been  suggested,  such as  increased work of breathing, 
prolonged  (>4 months)  oxygen  dependency,  poor  sucking  ability,  and  GERD.32,33  It  has 
been demonstrated that infants with broncho‐pulmonary dysplasia also continue to have 
growth failure after hospital discharge, which might be due to increased energy utilization 
and decreased energy intake.116 Inadequate tissue oxygenation may also play a role, since 
it  has  been  demonstrated  that  infants  with  BPD  and  discharged  with  oxygen  had  less 
growth failure than  infants who were discharged without oxygen,117 although this could 
not be confirmed for CDH patients.33,100 The role of GERD is debatable, because even after 
the  reflux  symptoms  resolve,  significant  growth  failure  remains.  Another  predictor  of 
growth failure is the need for ECMO,100,111 CDH patients treated with ECMO were found 
to have significantly lower weight, length and weight/length percentiles when compared 
to other ECMO patients suggesting that CDH plays a major role in growth failure.33 
 
Follow‐up 
Muratore  et  al.  reported  that  56%  of  their  population  was  below  25th  percentile  for 
height and weight during the first year of life, despite the fact that they were all born at 
full  term.  Contributing  to  the  observed  growth  failure  were  feeding  difficulties.  Nearly 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one‐quarter of  their patients displayed behavior consistent with oral aversion. Duration 
of ventilation was the only independent determinant that predicted development of oral 
aversion. They speculated that prolonged endotracheal  intubation might contribute to a 
delay  in development of  the  swallowing  reflex or  the  suckling mechanism. One‐third of 
the  patients  in  this  study  required  gastrostomy  tube  placement  for  adequate  caloric 
intake.  Despite  this,  several  patients  still  showed  evidence  of  growth  failure  that 
appeared  to be due  to GERD.100 On  the other hand, according  to Kamiyama et al. early 
GERD  does  not  seem  to  have  a  significant  influence  on  physical  development  of  these 
patients. They found no significant difference with respect to body weight between CDH 
patients  with  and  without  pathologic  GERD  in  the  early  postoperative  period.107  Fluid 
restrictions as well as diuretics are required to prevent pulmonary vascular overload.  In 
order to meet caloric needs  in this situation, high energy density formulas are required, 
so the majority of these children have enriched feedings. In the study by van Meurs et al., 
15 children with CDH treated with ECMO were compared with 15 ECMO‐treated children 
with other diagnoses (controls). All were within normal (5th– 95th) percentiles for weight, 
length and head circumference at birth, although 4 of the 15 CDH infants (27%) were less 
than the 5th percentile for weight‐length ratio as compared to 2 of the control subjects. In 
the first 2 years of life, weight gain was significantly lower in the CDH group as compared 
to  the ECMO‐treated, weight‐matched control  subjects without CDH.33  In  the  report by 
Davenport  et  al.,  of  23  children  born  with  CDH,  only  1  was  below  the  10th  centile  for 
height while  6 were below  the 10th  centile  for weight.  They  found a  significant  inverse 
correlation  between  attained  weight  centile  and  duration  of  ventilation  as  well  as  of 
hospital  stay.118  In  summary,  it  appears  that  many  CDH  survivors  experience  growth 
failure.  There  are  several  attributes  to  growth  failure,  including  persistent  pulmonary 
morbidity  resulting  in  increased  caloric  requirements,  feeding  problems  due  to  a 
postoperative  ileus,  need  for  ECMO,  GERD  and  oral  aversion,  especially  when 
endotracheal intubation and prolonged ventilation are needed. We conclude that all CDH 
patients  should  therefore  undergo  routine  nutritional  assessments  with  emphasis  on 
weight,  height,  weight‐for‐height  ratio,  growth  velocity  and  measurements  of  head 
circumference.  Early  intervention  by  nutritional  specialists  may  avoid  prolonged  oral 
aversion,  improve  weight  and  length  accretion  and  foster  normal  developmental 
milestones. 
 
Neurodevelopmental outcomes 
Neurocognitive defects 
Although  approximately  half  of  the  CDH  cases  occur  as  isolated  malformations  with 
normal  brain  development,  neurodevelopmental  outcome  of  these  infants  may  be 
affected by acquired  (e.g. hypoxia) neurologic  insults secondary to CDH. For  the 50% of 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infants  with  a  coexisting  anomaly,  about  7%  has  anomalies  of  the  central  nervous 
system.8 When  these  associated  anomalies  can  be  assigned  to  a  syndromal  diagnosis, 
neurodevelopmental outcome is generally poor. Children born with CDH have high risk of 
hypoxemia at  varying  stages of  their postnatal management due  to  the combination of 
pulmonary hypoplasia and persistent pulmonary hypertension. Persistent hypoxemia has 
a significant correlation with developmental delays possibly due to ischemia/reperfusion 
injury to the brain and loss of autoregulation of cerebral blood flow.32,119,120 
Neurological abnormalities in the neonatal period  
Several  neurological  abnormalities  in  CDH  survivors  have  been  documented  in  the 
literature. Hunt et al. performed MR  imaging at a median postnatal age of 25 days  in 8 
infants treated for CDH (non‐ECMO). Abnormalities were detected in all 8 infants, in only 
1  of  these  infants  the  abnormality  had  already  been  identified  on  cranial  ultrasound. 
There  were  abnormalities  of  varying  severity  found  in  every  infant  who  was  already 
weaned  from mechanical ventilation,  including ventricular dilatation, abnormal signal  in 
the white matter  and basal  ganglia,  and  abnormal myelination of  posterior  limb of  the 
intern capsule.121 Van Meurs et al. described that CT scans  in 4 out of 17 CDH survivors 
treated with ECMO were normal. Ten children had minor abnormalities such as petechial 
hemorrhages, mild ventricular enlargement or widening of the interspheric fissure and 3 
children had major abnormalities  including cerebellar hemorrhages and hemorrhages  in 
the  basal  ganglia.  The  ventricular  dilation  might  reflect  loss  of  white  matter  as  a 
consequence of ischemia in the vulnerable immature periventricular white matter.33 It is 
hypothesized  that  inflammation  might  also  play  a  role.  Clearly  surgery  presents  a 
significant  inflammatory  response,122  which  may  contribute  to  cerebral  white  matter 
injury.121 The long‐term implications of the abnormalities detected on MRI are unknown. 
Long‐term follow‐up 
Lund  et  al.  performed CT  studies  of  the  brain  in  all  33  CDH‐survivors,  showing marked 
bifrontal atrophy or ventricular dilation or a combination of both in 10 patients. All but 1 
patient  was  treated  with  ECMO.  During  follow‐up,  head  CT  findings  improved  with 
growth. None of the children described in the study above had a syndromal diagnosis.32 In 
patients  treated  with  ECMO,  including  CDH‐survivors,  neurological  deficits  have  been 
reported in 10–30% of patients.123‐128 Stolar et al. investigated the role of CDH in ECMO‐
treated  infants  with  CDH  by  comparing  ECMO  survivors  with  CDH  to  other  ECMO 
survivors.  They  concluded  that,  diagnosis  of  CDH  (among  ECMO  survivors)  did  not 
contribute  independently  to  neurological  risk.  In  contrast,  a  significant  correlation  has 
been found between CDH and a poorer cognitive outcome especially in boys. CDH infants 
appeared  to be more unstable while on ECMO, have more  complications,  and  they are 
the  only  infants  treated  with  ECMO  that  require  surgery129,  which  contributes  to  an 
inflammatory  response.122  According  to McGahren  et  al.  ECMO‐treated  newborns with 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CDH  had  a  higher  incidence  of  adverse  neurological  sequelae  than  non‐ECMO‐treated 
neonates with CDH.130 There is only one study concerning neurodevelopmental outcome 
of patients treated with fetal TO. Cortes et al. studied 16 CDH survivors, 7 of them were 
treated  with  fetal  TO.  They  found  no  differences  between  groups  in  neuromotor, 
cognitive  or  composite  neurodevelopmental  outcomes  at  1  year  or  2  years  adjusted 
age.44  Few  studies  report  on  cognitive  development  of  CDH  children  not  treated  with 
ECMO. Bouman et al. studied 11 CDH‐survivors (age 8–12 years) and found a mean IQ of 
85, while almost half of the children obtained IQ scores around or more than 1 standard 
deviation  below  normal.  They  did  not  find  differences  in  intelligence,  school  level,  or 
adaptive  functioning between high‐risk  (hospitalized within 1 day after birth because of 
progressive  respiratory  insufficiency and ventilated  for more  than 10 days) and  low‐risk 
(other)  children.  The  children  showed  significantly  more  emotional  and  behaviorial 
problems than expected and more children than expected had depressive problems.131 It 
has to be noted, however, that the number of participants (n=11) in this study was rather 
small.  Davenport  et  al.  reported  that  neurological  examinations  (including  hearing  and 
vision)  showed no abnormalities  in  19 of  23 patients  treated  for CDH  (non‐ECMO) at  a 
median age of 56 months. Of  the  remaining 4  infants,  2 had a major disability  and 2 a 
minor  disability.  None  of  them  had  developmental  delays  according  to  the  Griffith’s 
mental  developmental  scales,  suggesting  that  potential  improvement  in  survival  with 
delayed  surgery  does  not  occur  at  the  expense  of  poor  neurological  outcome  or 
developmental  delay  in  survivors.118  Using  the  Bayley  Scales  or  the  Stanford‐Binet 
intelligence  scale,  Van Meurs  et  al.  tested  7  of  the  15  CDH  survivors  (age  8 months‐5 
years) treated with ECMO normal, 3 were suspected to be delayed (score <90) and 2 were 
definitively  delayed  (score  <70).33  Three  children  were  unavailable  for  testing  without 
reason. Similar results were reported by Chen et al.132  
Predictive factors of neurological outcome  
Not only use of ECMO can affect neurological outcome  in CDH patients,130 but also  the 
ECMO modality  that has been chosen can affect neurological outcome. Standard ECMO 
modality for rescue of CDH patients has been venoarterial (VA) ECMO because circulatory 
support  can  be  continued  during  ECMO.133  Recent  studies  however  have  shown  that 
venovenous (VV) ECMO is as efficient in supporting CDH patients as VA ECMO, while the 
rate of adverse neurologic sequela is lower.134,135 A decreased right internal carotid artery 
blood flow  in patients treated with VA ECMO might explain the fact  that these patients 
have  more  neurological  complications  such  as  seizures  and  cerebral  infarction,  when 
compared  to  VV  ECMO‐treated  patients.135,136  Several  characteristics  of  CDH,  the 
presentation  of  CDH  and  the  clinical  course,  such  as  the  need  for  a  patch  closure  or 
gastrostomy  tube  are  also  significantly  associated  with  neurological  outcome.130  These 
factors  may  reflect  the  severity  of  the  presentation  of  CDH.130  This  was  confirmed  by 
D’Agostino et al., they found a difference between children (tested at the age of 1 year) 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who had a primary diaphragmatic repair and those who needed patch closure. Children 
with  primary  repairs  had mean mental  and motor  skills  in  the  average  range, whereas 
mean  scores  for  those  required  patch  closure  were  in  the  abnormal  range.  They  also 
showed  that  7 of  the 13  infants with CDH,  treated with ECMO had normal mental  and 
motor  skills,  3  had  normal  mental  functioning  but  delayed  acquisition  of  motor 
milestones, and 3 had mental and motor delay at the age of 12 months. Eleven children 
had muscle  tone  abnormalities.137  This  study  also  contained  a  small  sample  size  and  it 
remains  unclear  whether  these  findings  are  related  to  CDH,  ECMO  or  to  general 
management.  In summary, evidence  indicates that not only children with CDH requiring 
ECMO are  at  risk  for  cognitive problems. As  children with CDH not  treated with  ECMO 
appear  to  have  a  reduced  level  of  intellectual  and  school  functioning,  all  children with 
CDH may be at  risk  for  cognitive delay. This  could be due  to  several  factors, which can 
interfere  with  central  nervous  system  development,  such  as  perinatal  and  postnatal 
hypoxia,  hypercapnia,  and  acidosis.  These  are  the most  frequent  problems  in  children 
born with CDH either  in  the  immediate postnatal period or during the course of stay  in 
the  intensive care unit. Most studies  focus only on the first 5 years after CDH repair.  In 
addition, the small sample size and the disparate results indicate that there is a need for 
further  follow‐up  studies  of  children with  CDH,  because  serious  problems  in  long‐term 
psychosocial functioning may be expected. 
Hearing loss 
Hearing loss has been a troubling and frequent finding and may be due, at least in part, to 
side  effects  of  treatment.  Treatment  of  newborns  with  persistent  pulmonary 
hypertension  used  to  consist  of  hyperventilatory  induced  alkalosis.  These  infants  were 
exposed to significantly higher pH values for longer periods and needed longer durations 
of  mechanical  ventilation  resulting  in  approximately  35%  of  children  requiring  hearing 
aids.111,138,139  Hypoxemia,  induction  of  alkalosis  and  use  of  ototoxic  medication  are 
believed to be  important causal  factors, but  the specific  insult  that  leads  to progressive 
hearing  loss  remains  unclear.140  In  addition  to  ototoxic  medication  and  ventilatory 
treatment,  ECMO  therapy  is  an  additional  risk  factor  for  hearing  loss  in  CDH 
survivors.110,123 Lund et al. found that hearing aids were required in 21% of CDH survivors 
treated with ECMO. Another 21% had abnormal brain auditory evoked response (BAER) 
or  latency  intensity  studies  (LIS)  results,  but  hearing  loss  could  not  be  confirmed  by 
audiometry.  Six  of  the  7  children  that  required  hearing  aids  had  been  treated  with 
ECMO.32 D’Agostino et al. described that 1 of the 16 studied children with CDH suffered 
hearing  loss  that  was  detected  by  brainstem  auditory  evoked  response  testing  at  11 
months of age.137 In the report from Rasheed et al., CDH patients requiring ECMO before 
surgery had a higher incidence of hearing loss when compared with those requiring ECMO 
after CDH repair, which might be secondary to the prolonged period of hyperventilation 
or general intensive care.141 Morini et al. reported that 40 of the 82 CDH survivors (non‐
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ECMO) had sensineural hearing loss (SNHL) at audiologic follow‐up at a median age of 3.0 
years.  Patient’s  age  at  follow‐up was  the  only  independent  predictor  for  SNHL.142  It  is 
recommended for CDH patients, especially when treated with ECMO, to undergo regular 
hearing  tests  in  their  preschool  years,  particularly  if  there  is  any  delay  in  speech  or 
language skill development.111  
Musculoskeletal abnormalities  
Chest wall deformities 
Chest wall  deformities  are  present  in  approximately  16–48% of  the  CDH  survivors.  The 
majority of patients have a pectus excavatum.32,59,64,68,143 The close relationship between 
development of the lung, diaphragm, and thoracic cage is the reason that deformities of 
the  chest wall  are more  common  in  patients with  CDH.32  Several  factors  contribute  to 
thoracic deformities. First of all the thoracic cavity on the affected side may be reduced in 
size due to the smaller  lung volume. Secondly, the increased work of breathing in these 
children  may  contribute  to  the  development  of  a  pectus  abnormality  because  more 
negative  intrapleural  pressure  is  required  to  inflate  the  lungs.32,111,143  Thirdly  more 
negative  intrathoracic  pressure  promotes  retraction  of  the  chest  wall  in  its  most 
compliant  section,  the  cartilaginous  anterior  wall.143  Postoperative  empyema  has  been 
shown  to  increase  the  likelihood  of  postoperative  thoracic  deformity.144,145  Since  chest 
wall  deformities  are  more  common  among  patients  with  anatomically  large 
diaphragmatic  defects,  it  is  suggested  that  repair  of  a  large  defect  causes  tension, 
interfering  with  normal  development  of  the  thoracic  cage  and  promoting  asymmetry 
and/or flat chest.143 It has been suggested that CDH patients with a clinically asymmetric 
chest  and  scoliosis  are  prone  for  pulmonary  function  impairment.65,68  In  other  CDH 
patients  with  pectus  excavatum,  a  reduced  lung  function  compared  to  normal  CDH 
patients  has  been  demonstrated.70,146  It  is,  however,  controversial  whether  a  Nuss 
procedure results in an improvement in pulmonary function.146‐148  
Scoliosis 
Mild to moderate thoracic scoliosis has been reported in 5–10% of CDH‐survivors. In most 
of the studies, only small numbers of patients are  included.59,63,111 Lund et al. described 
that  4  of  33  patients  had  thoracic  scoliosis  concave  towards  the  hernia  side,  only  1  of 
them required bracing.32 The only study focusing primarily on chest wall deformities and 
scoliosis  in  CDH  patients  came  from  Vanamo  et  al.  describing  16  (27%)  patients  with 
significant  radiological  scoliosis  (Cobb’s  angle  ≥10º).  The  mean  curve  was  significantly 
greater  in  patients  with  a  large  defect.  There  was  no  significant  difference  in  the 
incidence  of  scoliosis  between  patients  with  a  diaphragmatic  hernia  and  those  with 
eventration.  It  can  be  concluded  that  chest  wall  deformity  and  spinal  deformities  are 
common  among  patients  with  repaired  diaphragmatic  defects.143  Scoliosis  should 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particularly be kept in mind when determining how much tension to use when closing a 
hernia  defect.32  In  the  majority,  deformities  are  mild  and  rarely  have  therapeutic 
consequences  or  impact  on  daily  life.  However,  as  more  children  with  severe 
diaphragmatic  defects  are  expected  to  survive  with  use  of  new  treatment  modalities, 
number of patients with severe thoraco‐spinal deformities may increase in the future.143 
Overall health‐related quality of life 
Although  the  prevalence  of  co‐morbidity  is  high  among  CDH  survivors,  little  is  known 
about  the  impact of  long‐term health problems on overall well being of  these patients. 
There are only 2 studies describing health‐related quality of life (HR‐QoL) of CDH patients. 
Poley et al assessed HR‐QoL in 111 CDH patients (4 treated with ECMO), 286 patients with 
anorectal malformations (ARM) and a healthy control group (age 1–52 years). In children 
aged 1‐4 years,  influence of symptoms on HR‐QoL, assessed with the TAIQOL (quality of 
life questionnaire developed for children between ages of 1 and 4 years,149 seemed less 
profound in CDH patients when compared to ARM patients in most domains. Statistically 
significant  differences  between  the  CDH  group  and  the  control  group were  found  in  5 
domains  of  the  TAIQOL.  CDH  patients  aged  5–15  years  scored  relatively  low  in  the 
domains ‘‘basic motor functioning’’ and ‘‘cognitive functioning’’ in the TACQOL (quality of 
life questionnaire developed for children between the ages of 5 and 15).150 Neither the 8 
domains  of  the widely  used  Short  Form 36  (SF‐36)  domains,  used  for  patients  aged  16 
years and above, nor the physical summary measure discriminated between CDH patients 
and  the  general  population.151  Koivusalo  et  al.  studied  69  adult  survivors  of  congenital 
diaphragmatic  defects  (CDD)  consisting  of  survivors  of  CDH  and  diaphragmatic 
eventration  (DE)  in comparison with a healthy control group. None of  the patients with 
DE underwent preoperative stabilization with medication or mechanical ventilation, and 
only  15%  required  mechanical  ventilation  for  more  than  1  week  postoperatively.  The 
frequency of high educational  level was significantly  lower  in patients with CDD than  in 
control  subjects, but whether  this difference was  related  to  long‐term sequelae of CDD 
remained  unclear.  A  total  of  17  of  the  69  patients  (25%)  with  CDD  had  low  HR‐QoL 
assessed in 1 or both of the summary measures Physical Health and Mental Health in SF‐
36 questionnaires. No statistical difference in quality of life was found between patients 
with CDH and DE. Incidence of GERD and recurrent intestinal obstruction was most often 
associated with low HR‐QoL and Gastro‐Intestinal Quality of Life (GIQLI) scores in patients 
with CDD. This study indicates that 75% of adult patients born with CDD have good HR‐
QoL  similar  to  healthy  subjects.  Practically  no  or  insignificant  late  sequelae  associated 
with  CDD  were  found.  Low  HR‐QoL  was  found  in  25%  of  the  patients,  exceeding  the 
expected figure of 16%.73 It is likely that, in the past, major selection took place in the first 
week  of  life  due  to  high  mortality  in  patients  with  severe  pulmonary  hypoplasia  and 
therapy  resistant  pulmonary  hypertension.  ECMO  nowadays  might  enable  survival  of 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patients with a relatively poor prognosis leading to iatrogenic morbidity.151 While CDH is 
associated  with  considerable  symptoms,  so  far  available  research  in  adults  suggests  a 
favorable long‐term outlook for the vast majority of patients,73,151 however, there are no 
studies describing HR‐QoL in CDH survivors treated with ECMO.  
Conclusion  
Despite  new  therapeutic  strategies  including  ECMO,  inhalation  of  nitric  oxide,  high 
frequency  oscillation  and  fetal  TO, mortality  rate  of  CDH  remains  high.  Several  studies 
have documented significant long‐term morbidity. Infants born with CDH have pulmonary 
vascular  abnormalities,  presumably  causing  pulmonary  hypertension.  There  is  a  higher 
incidence of obstructive airway disease and restrictive lung function pattern among CDH 
survivors. The influence of CDH and CDH repair on lung function and exercise capacity in 
adult  life are still unknown. Gastro‐esophageal reflux disease sometimes  in combination 
with failure to thrive is a well recognized complication and several patients require anti‐
reflux  surgery.  It  is  unknown whether  GERD  has  an  effect  on  the  pulmonary  function. 
Pulmonary hypoplasia  and persistent pulmonary hypertension predispose  children born 
with  CDH  to  a  high  risk  of  hypoxemia, which may  result  in  neurodevelopmental  delay. 
Chest wall deformities and scoliosis are more common among CDH patients. Deformities 
are  mild  and  surgery  is  rarely  required.  Despite  the  significant  morbidity  due  to  CDH, 
limited numbers  of  quality  of  life  studies  in  older  patients  suggest  that  the majority  of 
patients  apparently  enjoy  quite  healthy  lives.  It  should  be  realized  that,  with  the 
introduction of potential mortality reducing new therapies in the acute (neonatal) phase, 
the balance between decreasing early mortality and potential long‐term outcome should 
be  assessed.  It  is  therefore  be,  highly  recommended  that  children  born  with  CDH  are 
evaluated periodically  in a protocolized multidisciplinary  setting  to minimize  short‐term 
morbidity and to assess long‐term morbidity. Particularly the study of long‐term sequelae 
will  enable  to  establish  an  adequate  and  focused  program  for  routine  follow‐up  of 
survivors of a severe congenital anomaly. 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Long‐term morbidity after esophageal atresia 
Introduction 
Esophageal atresia (EA) with or without a tracheo‐esophageal fistula (TEF) is a congenital 
anomaly  affecting  1  in  2,400  to  4,500  newborns.152,153  EA  is  defined  as  a  complete 
interruption  in  the  continuity  of  the  esophageal  lumen.  TEF  is  defined  as  a  congenital 
fistulous connection between the proximal and/or distal esophagus, and the airway. The 
great majority of the patients have both EA and TEF. The most common variant is EA with 
a distal TEF (type C), other types are pure EA without TEF (type A), EA with a proximal TEF 
(type B), EA with a distal and proximal fistula (type D), and a so‐called H‐type fistula (type 
E)  (figure  1).154  Clinical  findings  at  time  of  birth  include  increased  salivation  (37%), 
respiratory distress (36%), cyanosis (29%), vomiting (13%), abdominal distension (2%) and 
choking  (1%).155  Most  children  born  with  EA  undergo  surgical  repair  (end‐to‐end 
anastomosis) within a few days after diagnosis except for pure esophageal atresia (type 
A).  Associated  congenital  malformations  have  been  reported  in  up  to  65%  of  the  EA 
patients.155,156  Congenital  heart  anomalies  are  the  most  common,  other  associated 
anomalies  include  musculoskeletal  anomalies,  central  nervous  system  abnormalities, 
renal anomalies, imperforate anus and chromosomal anomalies such as Down syndrome. 
EA  is  associated  with  the  VACTERL‐sequence  (Vertebral,  Anorectal,  Cardiac,  Tracheo‐
Esophageal, Renal and Limb defects) and CHARGE‐association (Coloboma, Heart defects, 
Atresia choanae, Retarded development, Genital hypoplasia, Ear abnormalities). The co‐
existence  of  a  major  anomaly  plus  ventilator  dependency  or  a  severe  life‐threatening 
anomaly  alone  significantly  lowers  survival  rates  of  EA.157  Besides  congenital 
malformations, EA‐TEF  is also associated with tracheomalacia (TM), which  is a condition 
of  the  trachea  characterized  by  weakness  of  the  supporting  tracheal  cartilage  and 
weakening  of  the  posterior membranous wall.9  This  causes  tracheal  collapse  especially 
during  times  of  increased  airflow  such  as  coughing,  crying  or  feeding.  Tracheomalacia 
most  commonly  affects  the  distal  one‐third  of  the  trachea.  In  many  children  with  TM 
intervention  is not necessary,  as  the  child  grows  the  tracheal  cartilage  strengthens and 
stiffens.  Since  the  first  successful  primary  repair  of  EA  and  TEF  in  1941  by  Haight  and 
Towsley,160  there  has  been  a  dramatic  improvement  in  survival  of  infants  with  this 
condition. Improved neonatal intensive care, sophisticated ventilator support and surgical 
technique  combined  with  advances  in  neonatal  anaesthesia,  early  diagnosis  and 
treatment of associated anomalies,  recognition of anastomotic complications, dilatation 
of  anastomotic  strictures  and  aggressive  treatment  of  gastro‐esophageal  reflux  disease 
(GERD)  have  positively  affected  survival  in  patients  with  EA  and/or  TEF.161  This  has 
resulted  in  an  increased  awareness  of  long‐term  complications  of  EA.  Morbidity  from 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esophageal complications in survivors has been well documented and is often secondary 
to GERD, anastomotic strictures and disordered motility. 
Figure 1. Different types of esophageal atresia (from www.aafp.org) 
 
In  addition,  children  born  with  EA‐TEF  may  develop  cough,  wheeze,  aspiration 
pneumonia, vomiting, choking and feeding difficulties,162 which are most pronounced  in 
the  first  3  years  of  life  and  improve  considerably  after  8  years  of  age.163  Respiratory 
symptoms may be multifactorial  in origin and  related  to  recurrent aspiration, bronchial 
obstruction  and  TM.  The most  hazardous  period  for  EA‐TEF  patients  is  in  early  infancy 
when  increased  likelihood  of  hospitalization,  the  occurrence  of  acute  life‐threatening 
events and even sudden unexpected death have been recognized.158,164 However variable 
respiratory and gastro‐intestinal symptoms can continue beyond the period of early  life 
into adulthood and may be associated with abnormal  (pulmonary) function tests.  In the 
following  sections  we  will  describe  the  pulmonary  and  gastro‐intestinal  morbidity 
associated with esophageal atresia followed by an discussion on neurocognitive morbidity 
and the health‐related quality of life of EA survivors. 
Pulmonary morbidity 
Many EA patients experience respiratory problems in the first year after initial surgery.164 
At any time as many as 50% of the EA patients will be hospitalized with respiratory illness, 
most commonly in early childhood.164 Various factors contribute to pulmonary morbidity 
such as  recurrent aspiration of gastric or oesophageal contents due  to GERD, structural 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anomalies  of  the  major  airways  and  abnormal  airway  epithelium.165‐169  Approximately 
two  thirds  of  patients  EA  and/or  TEF  have  significant  GERD.155,170,171  Chetcuti  et  al 
reported  that  EA  patients  with  radiologically  proven  GERD  in  the  early  years  after 
operation had an increase in lower airways obstruction and a reduction in lung volumes, 
supporting  the  possibility  that  the  lung  function  abnormalities  may  be  secondary  to 
permanent  lung  damage  from  recurrent  aspiration  in  the  early  years.169  A  significant 
relationship between a diagnosis of GERD and admission for respiratory illness in the first 
5 years of life has been documented in a study of 155 patients.169 Respiratory morbidity in 
EA  patients  may  also  be  secondary  to  abnormalities  of  the  trachea,  since  up  to  75% 
patients with EA also have TM.164  It has been  reported  to be clinically  significant  in 10‐
40% of patients over 15 years of age.161,162,164,172,173 Symptoms often resolve after 1 or 2 
years.174‐176 For children who do not recover spontaneously or who have life‐threatening 
symptoms, aortopexy is the treatment of choice. Long‐term results after aortopexy reveal 
permanent relief of symptoms in most patients.177 Both TM and GERD are very common 
in children who have undergone surgery  for EA‐TEF. When both conditions coexist,  it  is 
difficult to determine which contributes most to the respiratory symptoms. In 33‐46% of 
the patients with severe respiratory symptoms a TM procedure as well as an anti‐reflux 
procedure  is necessary  to relief  the symptoms.178 Persisting respiratory symptoms were 
reported  in  57%  of  EA  patients  older  than  15  years.  Patients  with  an  early  childhood 
respiratory  illness  and  those  with  a  history  of  atopy  were  more  likely  to  have 
symptoms.164 Most children experience respiratory symptoms in the first 5 years of  life, 
and  tend  to  improve  as  they  grow  older.179  Several  follow‐up  studies  investigating 
pulmonary  function  in patients with  repaired EA‐TEF have been performed. Obstructive 
lung  function  abnormalities  have  been  described  in  10‐70%  of  the  patients,162,169,180,181 
while  in 18‐36% of  the patients  restrictive patterns have been seen.169,181 Agrawal et al 
reported that 6 of 7 children with a low FEV1 had GERD in infancy and/or suffered from 
choking  spells.162  Furthermore  it appears  that EA patients with GERD early  in  life had a 
significantly lower TLC, FEV1 and FEF25‐75%, compared to those with no reflux disease.
169 In 
contrast,  Beardsmore  et  al  found  that  either  the  presence  or  absence  of  GERD  was 
unrelated  to  respiratory  function status but abnormal esophageal motility was  found  in 
all 16 patients.182 So far there are no pulmonary function studies describing the long‐term 
follow‐up  of  infants  with  severe  GERD.  Restrictive  lung  pattern  seen  in  school  age 
compared to the  lung pattern  in  infancy,  is hypothesized to be the result of suboptimal 
lung  growth  in  the  early  years  of  life.162  It  has  also  been  suggested  that  recurrent 
pneumonia,  due  to  retention  of  secretions  from  squamous  metaplasia  of  the  tracheal 
mucosa  and  ineffective  cough  technique,  may  contribute  the  smaller  lung  volumes.167 
Pleural  scarring  from  empyema  after  anastomotic  rupture  and multiple  thoracotomies 
may also  lead to mild restrictive  lung disease.144,169 Thirdly,  thoracotomy  itself may also 
result  in  restrictive  pulmonary  function  impairment.  Long‐term  effects  of  thoracosopic 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repair are not described yet, but are expected to be less.183 In most studied patients the 
lung  function  abnormalities  were  relatively mild  and  less  than  10‐17%  of  patients  had 
evidence of severely deranged function.169,180 There is only one study that has evaluated 
exercise  capacity  in  EA  patients with  a mean  of  13.2  years  (range  6‐18  years)  after  EA 
repair.  Zaccara et al assessed maximal exercise  in a  small  group of 8  children using  the 
Bruce protocol  and  found  that exercise duration and maximal oxygen uptake  corrected 
for body weight were significantly reduced.184 However, it was unclear to what extent this 
was  due  to  deconditioning,  as  almost  all  patients  reported  reduced  levels  of  physical 
activity, generally because of parental anxiety and a strict Italian law that regulates sports 
activities.  Further  studies  focusing  on  exercise  performance  in  this  population  are 
required. In summary, respiratory illness is common in EA patients, particularly in the first 
years  after  repair.  Many  factors  contribute  to  recurrent  respiratory  problems  such  as 
aspiration  pneumonias  due  to  GERD  and  tracheomalacia.  Pulmonary  function  studies 
show relatively mild obstructive and restrictive impairment in most EA patients, possibly 
due  to  GERD.  EA  patients  appear  to  have  a  reduced  level  of  exercise,  but  this  is most 
probably due to a lower level of physical activity. It has to be noted that so far, with one 
exception,169 all pulmonary function studies described above have  included only a small 
number of patients, so statistical analysis may not be conclusive.  
Gastro‐intestinal morbidity 
Gastro‐intestinal morbidity  in EA survivors  is most frequently due to GERD, anastomotic 
strictures,  and  disordered  esophageal motility.  In  the  first  years  after  EA  repair  a  high 
prevalence (30‐60%) of GERD has been found,155,156,171,185‐187 with many patients requiring 
an  anti‐reflux  procedure.156  As  long  as  20‐30  years  after  initial  EA  repair  GERD‐related 
symptoms  with  moderate  or  severe  esophagitis  may  occur  in  up  to  half  of  the 
patients,170,171,188,189 which is substantially higher than the prevalence of 18% found in the 
general adult population.190 Many EA patients complain about heart burn and difficulty in 
swallowing  solid  food,156 but  correlation between  symptoms and endoscopic  findings  is 
rather poor,170,188,191 as in otherwise healthy patients.105 This could partly be explained by 
the  fact  that  EA  patients  learned  to  live  with  a  compromised  passage  and/or  other 
complaints  and  do  not  recognise  this  as  discomfort.  If  untreated,  GERD  may  result  in 
esophagitis,  anastomotic  strictures  and  in  the  long‐term  metaplastic  changes  of  the 
esophageal  epithelium.  The  intestinal  type  of  metaplasia  (Barrett  esophagus)  is  an 
important risk factor for the development of esophageal adenocarcinoma, with a 30‐125 
fold  increase of  adenocarcinoma compared with  that  in  the general population.192,193  It 
has been suggested that the possible explanation for GERD in EA patients is the result of 
delayed  gastric  emptying,  superior  displacement  of  the  esophagogastric  junction  and 
decreased  esophageal  clearance  in  the  hypoperistaltic  esophagus.187  It  is  hypothesized 
that  slower  transportation  of  nutrition  through  the  esophagus,  because  of  disturbed 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motility, reduces the esophageal capacity for self‐clearing, resulting over the longer term 
in damage to the esophageal mucosa and thus leading to further damage of the cardiac 
sphincter.194  Furthermore  tension  on  the  esophagus,  at  the  site  of  the  end‐to‐end 
anastomosis,  has  been  shown  to  cause  a  significant  decrease  in  the  lower  esophageal 
sphincter tone also increasing the risk of reflux.195,196 Motor dysfunction of the esophagus 
is likely to be universal in patients with EA, as abnormal innervation of the esophagus and 
stomach is seen on post‐mortem specimens. In vivo motor incoordination of the proximal 
and  distal  esophageal  body  has  been  found  in manometry  studies  of  patients  with  EA 
and/or TEF.197,198 There are several studies that prospectively investigated the prevalence 
of GERD  in EA patients. Histologic esophagitis was  found  in 26‐57% of  the patients and 
gastric  epithelium  in  6‐8%  of  the  patients  2‐30  years  after  EA  repair.191,195,199  It  is 
alarmingly that even in asymptomatic patients esophagitis, gastric metaplasia and Barrett 
esophagus  (intestinal  metaplasia)  were  found.156,191  Even  a  few  cases  of  esophageal 
adenocarcinoma  have  been  reported  in  the  literature  (52‐54).200‐202  Deurloo  et  al 
performed  a  prospective  study  of  92  patients  10‐26  years  after  EA  repair,  49  patients 
underwent esophagogastroscopy (EGS). In 13 patients reflux esophagitis was seen and in 
2  patients  macroscopic  evidence  of  a  Barrett  esophagus  was  seen.  Histology  showed 
reflux esophagitis in 30 of the 40 patients, 6 of them had had an anti‐reflux operation in 
the  past.  No  histologic  Barrett  esophagus was  detected  on  histological  examination.156 
Since medical management of GERD in children with EA is often unsuccessful,203 as many 
as 60% of the EA patients require anti‐reflux surgery such as a Nissen fundoplication or a 
Boerema  anterior  gastropexy.204,205 Most  anti‐reflux  operations  are  performed  in  early 
childhood,  however  a  few  of  the  fundoplications  were  performed  on  teenagers 
suggesting that disordered esophageal motility in some patients is a life‐long problem.179 
The Nissen fundoplication controls reflux by increasing the length of the intra‐abdominal 
esophagus, which, in conjunction with a posterior gastropexy, creates a more acute angle 
of His. The circumferential wrap also creates a valve mechanism at the gastro‐esophageal 
junction, which increases the resistance to antegrade passage of food into the stomach. 
However  patients  with  EA  and  esophageal  dysmotility  often  cannot  generate  enough 
coordinated propulsive  force  to  overcome  this  increased  resistance which  can  result  in 
dysphagia and aspiration.203,206 Dysphagia is common in all age groups, but appears to be 
less severe in older patients.199 It has been reported that in two thirds of EA patients aged 
1‐37 years dysphagia is present.199,202 It is secondary to anastomotic stricture, disordered 
oesophageal  motility  and  GERD.156,180  Severity  of  the  reflux,  as  well  as  the  frequent 
presence of developmental delay and coexistent illness in EA patients may also contribute 
to the high incidence of dysphagia.203 The incidence of anastomotic stricture depends on 
the  criteria  used  to  define  the  stricture  and  varies  from  8‐49%.155,202,207  Vascular 
compromise  particularly  of  the  lower  esophagus,  which  has  a  segmental  blood  supply 
from  the  aorta  or  the  intercostal  blood  vessels  is  suggested  as  the  cause  of 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strictures.152,172 Many other predisposing factors have been identified such as two layered 
anastomosis,207,208  anastomotic  tension  (especially  when  the  gap  is  >2.5  cm),209,210 
anastomotic  leakage and GERD.207,211 Numerous studies quote the use of silk sutures as 
being  associated  with  an  increased  risk  of  anastomotic  leakage  compared  with  non‐
absorbable sutures,155,161,212 though Yanchar et al could not confirm this  in a large study 
investigating predictive factors for postoperative complications in EA patients.209 Stricture 
was  found  to  be  uncommon  after  5  years,  presumably  as  a  result  of  esophageal 
growth.199 Treatment of a stricture consists of esophageal dilatation if clinical symptoms 
are present,213 and, if necessary, aggressive medical management of GERD. It was shown 
by Little et al that 18 of 69 children with EA required multiple dilatations during the first 5 
years of life.179 Significant nutritional compromise was present in 13‐20% of the patients 
in  the  first  years  after  EA  repair,  while  57‐90%  were  symptom  free  after  7‐14 
years.199,214,215 It has been documented by Puntis et al. that introduction of solid food was 
significantly  delayed  compared with  a  healthy  control  group.  Over  half  of  the  children 
were  considered  by  parents  to  be  slow  to  feed.214  The  prevalence  of  milk  refusal, 
vomiting, coughing or choking with milk was much more common in EA patients.179,180,214 
Choking  probably  results  from  aspiration  either  secondary  to  disordered  esophageal 
motility, or after a food bolus has become lodged.214 Many children avoid particular foods 
such  as  meat,  apple,  bread  and  raw  vegetables  that  might  become  lodged  in  the 
esophagus.214 Several investigators report a significant growth retardation, with half to all 
patients  having  a  weight  at  or  below  the  20‐25th  percentile  in  the  first  years  after 
repair.179,214,215 After 5‐10 years approximately one third continued to have weights  less 
than  the  25th  percentile.179,199,214  These  patients  were  more  likely  to  have  had  more 
severe  complications.199  Others  report  an  excellent  long‐term  nutritional  outcome,180 
with  acute  malnutrition  present  in  the  early  years  completely  resolving  in  all 
patients.216,217 In conclusion, the main gastro‐intestinal problems in EA patients are GERD 
and  dysphagia  due  to  anastomotic  strictures  and/or  esophageal motility  disorders.  The 
high  incidence  of  esophagitis  and  the  finding  of  premalignant  dysplasia  (Barrett’s 
esophagus) in a number of adult cases is alarming.201 In many patients who were proven 
to  have  GERD,  a  significant  clinical  history  compatible  with  this  diagnosis  was 
lacking.156,191  Therefore,  long‐term  assessment  of  GERD  in  all  patients  using  objective 
measures seems justified.188,191 
Neurocognitive functioning and health‐related quality of life 
The  early  postoperative  years  are  difficult  with  major  feeding  problems  and  multiple 
hospital  admissions  due  to  respiratory  illness.  The  psychological  and  social  impact  of 
these problems on the child and his family may be enormous.164 So far information about 
neuro‐cognitive functioning of EA patients is limited. Ludman et al described that 9 out of 
17  patients  required  special  educational  services,  but  did  not  use  any  standardized 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tests.218 Bouman et al found a mean IQ of 90 points in EA patients, which was significantly 
lower than expected and comparable to the results of Dera et al.219,220 Remarkably, more 
than  twice  as  many  children  as  expected  had  significant  emotional  en  behavioral 
problems as reported by parents and teachers. Children with major associated anomalies 
who had been ventilated as newborn, were at increased risk for cognitive problems. It has 
been suggested that having a congenital anomaly might be a psychosocial stressor with 
negative  consequences  for  its  psychosocial  development.220  On  the  longer  term,  it  has 
been reported that the majority of the (adult) patients are employed, missed little time of 
work with illness and participated fully in sports.164 There are only a few studies that have 
used standardized questionnaires to assess the health‐related quality of  life (HR‐QoL) of 
EA survivors. Deurloo et al. found no differences in the overall physical and mental health 
between 97 adult EA patients and healthy subjects, however EA patients reported worse 
general  health  and  less  vitality  than  healthy  subjects.  As  expected  patients  with 
concomitant  congenital  anomalies  reported  a  lower  HR‐QoL,  but  only  in  the  domain 
digestion,  implying  that  patients  with  associated  congenital  anomalies  might  be  more 
focused on their symptoms. Only a small number of patients felt limited because of their 
EA,  but  34%  of  the  patients  indicated  on  the  GIQLI  that  they  experienced  negative 
consequences of the EA in their daily lives such as gastro‐intestinal symptom.221 Ure et al 
found  that  the  HR‐QoL  in  adult  EA  patients,  assessed  by  the  GIQLI,  after  primary 
anastomosis was similar to that in healthy controls, but was significantly lower in patients 
with  colon  interposition,222  which  was  probably  due  to  the  high  frequency  of  gastro‐
intestinal and respiratory symptoms found  in patients with colon  interposition.222 So far 
HR‐QoL  of  children  born  with  EA  has  not  been  described.  The  long‐term  outcome  of 
babies born with EA and/or TEF, despite a potentially difficult initial period as a result of 
postoperative complications, respiratory morbidity and associated congenital anomalies, 
seems to be good, but it remains important that potentially treatable risk factors such as 
GERD  should  be  identified  early.  For  the  future,  it  is  expected  that  with  the 
implementation  of  thoracoscopic  repair  of  EA,  pulmonary  symptoms will  decrease  and 
consequently health‐related quality of life might improve. 
Conclusion 
In  the  first  years  after  EA  repair  many  patients  suffer  from  respiratory  and  gastro‐
intestinal  complications  such  as  recurrent  pneumonia  and  GERD.  EA  patients  are 
frequently  hospitalized with  respiratory  illness, which has high  impact  on  the  child  and 
the parents. On  the  longer  term pulmonary  function studies  show mild obstructive and 
restrictive  impairment,  which might  be  secondary  to  GERD.  Tracheomalacia  could  also 
play a role, but is self‐limiting in the majority of cases. Data concerning exercise capacity 
are limited. As many as two thirds of the EA patients have GERD, which may, if untreated, 
result  in  severe  esophagitis,  Barrett  esophagus  or  even  esophageal  adenocarcinoma.  It 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should be realized that children born with esophageal atresia are likely to have problems 
well into their adult years, so families not only face difficulties during the initial repair but 
may  also  encounter  problems many  years  later.  However  despite  frequent  respiratory 
infections, a high incidence of GERD and esophageal motility disorders and early growth 
retardation, EA patients appear to have a good long‐term health‐related quality of life in 
the  majority  of  cases.  Maximum  support  should  be  offered  to  parents  and  children, 
particularly  in  the  first  years after  repair,  to minimise  the  traumatic effects of  frequent 
surgical intervention and hospitalisation in these patients.  
Outline of this thesis 
The primary aim of  this  thesis  is  to  investigate  long‐term morbidity after  repair of CDH 
and  EA.  In  part  I  of  this  thesis  we  focus  on  respiratory,  gastro‐intestinal  and 
neurocognitive morbidity and health‐related quality of life after CDH repair. In chapter 2 
we describe pulmonary function and exercise capacity in high‐risk CDH survivors aged 6‐
18 years and its determinants and in chapter 3 pulmonary function, exercise capacity and 
gas  exchange  together  with  health‐related  quality  of  life  of  adult  CDH  survivors  are 
evaluated.  In  chapter  4 we  assess  the  incidence  of  early  and  late  GERD  following  CDH 
repair  and  its  predictive  variables.  In  chapter  5 we  describe  cognitive,  behavourial  and 
psychological outcome as well as health‐related quality of life 6‐18 years after CDH repair. 
Furthermore  in  this  chapter  we  evaluate  whether  neonatal  characteristics  of  CDH  are 
related to the severity of cognitive defects and health‐related quality of life. In part II of 
this thesis we concentrate on long‐term morbidity after EA repair and its determinants. In 
chapter 6 we will discuss the relation between GERD and pulmonary function in EA and in 
chapter 7 we will describe the health‐related quality of life in EA patients in childhood and 
adolescence  and  its  determinants  such  as  concomitant  anomalies  and  the  presence  of 
respiratory and/or gastro‐intestinal symptoms.  In chapter 8 we discuss the results of all 
studies and the implications and recommendations for future research. Finally, in chapter 
9, a summary of this thesis is provided. 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Abstract 
Introduction 
Congenital  diaphragmatic  hernia  (CDH)  is  associated  with  pulmonary  hypoplasia  and 
pulmonary  hypertension.The  objective  of  this  study  was  to  assess  pulmonary  function 
and  exercise  capacity  and  its  early  determinants  in  children  and  adolescents  born with 
high‐risk  CDH  (CDH  associated  respiratory  distress  within  the  first  24  hours)  and  to 
explore the relation of these findings with CDH severity. 
Methods  
Of 159 patients born with CDH, 84 survived. Of the 69 eligible patients, 53 children (mean 
age  11.9  ±  3.5  years)  underwent  spirometry,  lung  volume measurements  and maximal 
Cardiopulmonary  Exercise  Testing  (CPET).  Results  of  the pulmonary  function  tests were 
compared to those from a healthy control group matched for gender, age and height. 
Results 
CDH  survivors  have  a  significantly  lower  FEV1,  FVC,  FEV1/FVC,  MMEF  and  PEF  when 
compared  to  healthy  controls.  RV/TLC  ratio  was  significantly  higher.  Linear  regression 
analysis showed that gastro‐esophageal reflux disease was an  independent determinant 
of reduced FEV1 and FVC. CPET results were normal in those tested. 
Conclusion 
High risk CDH survivors have mild  to moderate pulmonary  function abnormalities when 
compared  to  a  healthy  matched  control  group,  which  may  be  related  to  gastro‐
esophageal  reflux  disease  in  early  life.  Exercise  capacity  and  gas  exchange  parameters 
were normal in those tested, indicating that the majority of patients do not have physical 
impairment. 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Introduction 
Congenital diaphragmatic hernia (CDH) is a life‐threatening anomaly with a mortality rate 
ranging  from 10‐50%, depending on case selection.1‐3 Pulmonary hypoplasia, pulmonary 
hypertension  and  CDH  associated  malformations  are  major  determinants  of  morbidity 
and mortality.49 CDH is accompanied by a variable degree of hypoplasia of the ipsilateral 
and contralateral lung, characterized by a reduction of the number of airways, alveoli and 
vascular  generations.45,46  Respiratory  failure  requiring  ventilatory  support  immediately 
after birth is a characteristic of high risk CDH. Many patients require high pressures and 
high fractions of inspiratory oxygen to provide adequate oxygenation, which may lead to 
further  pulmonary  damage.4,49,52  Since  the  asymmetry  of  the  lungs,  due  to  pulmonary 
hypoplasia, results in areas of different compliance and therefore potential hyperinflation 
and  overexpansion  of  alveoli,  risk  of  barotrauma  in  CDH  patients  may  even  increase 
further.223 CDH is also associated with pulmonary hypertension, which may be the result 
of  failure of normal structural remodeling of the pressure‐regulating pulmonary arteries 
after  birth,  as  described  in  deceased  CDH  patients.76,77  Scintigraphic  studies  have 
demonstrated  that  in  CDH  survivors,  mean  perfusion  of  the  ipsilateral  lung  was  lower 
when  compared  to  healthy  children  and  when  compared  to  the  contralateral  lung 
suggesting  residual  vascular  abnormalities.48,62‐64  To  improve  the  understanding  of  the 
long‐term consequences of pulmonary hypoplasia and pulmonary vascular abnormalities, 
the  primary  objective  of  this  study  was  to  assess  pulmonary  function  and  exercise 
capacity in a group of patients aged 6‐18 years, who had undergone surgical repair of high 
risk  congenital  diaphragmatic  hernia  in  the  neonatal  period.  Results  of  the  pulmonary 
function tests were compared to a matched control group. The secondary objective was 
to  explore  early  (particularly  CDH  related)  determinants  of  pulmonary  function  and/or 
exercise‐tolerance in later life. 
Material and Methods 
Patients 
All  patients  born  with  high  risk  CDH  referred  to  the  Pediatric  Surgical  Center  of 
Amsterdam between 1987 and 1999, and to the Sophia Children’s Hospital in Rotterdam 
between 1988 and 1994, were eligible  for  this  study. Children who were  treated at  the 
Sophia Children’s Hospital after 1994 or treated with ECMO (since 1993) were included in 
another follow‐up program and were therefore not approached. Patients were included if 
they developed CDH associated  respiratory distress within  the  first day of  life  (high  risk 
CDH). Patients were excluded  if  they had other  serious anomalies or were  incapable of 
adequately performing all tests. Permission for the study was granted by the Institutional 
Review Board. Written informed consent was obtained from all patients and their parents 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or  guardians  prior  to  inclusion.  Patients’  charts  were  reviewed,  focusing  on  relevant 
perinatal and postnatal variables.  
Study design 
Patients  who  gave  informed  consent  attended  the  out‐patient  clinic  for  a  study  visit. 
Pulmonary  function  testing  including  spirometry  and  lung  volume measurements  were 
followed  by  Cardiopulmonary  Exercise  Test  (CPET).  For  the  pulmonary  function  test, 
patients were matched  for height, age and gender with  schoolchildren and adolescents 
that have been studied independently in the past. The studies of Dutch schoolchildren224 
and that of adolescents225 have been described in detail previously. Schoolchildren were 
studied,  with  informed  consent  from  the  parents,  between  1984  and  1986,  and 
adolescents between 1978 and 1984. All matched controls were healthy and lifelong non‐
smokers.  
Pulmonary function tests 
Patients  performed  standard  spirometry  and  underwent  lung  volume  measurements 
according to the guidelines of the ECCS/ERS.226 All medication was discontinued 24 hours 
prior  to  testing.  Forced expiratory  volume  (FEV1),  forced  vital  capacity  (FVC), maximum 
midexpiratory  flow  (MMEF)  and  peak  expiratory  flow  (PEF) were  determined  from  the 
largest  of  3  reproducible  manoeuvres  using  a  mass  flow  sensor  (Vmax  229,  Sensor 
Medics,  Yorba  Linda, CA, USA).18  Spirometry was  repeated after  inhalation of  4x100 μg 
salbutamol  doseaerosol  to  evaluate  the  reversibility  of  potential  bronchial  obstruction 
and  in  order  to  prevent  exercise‐induced  bronchoconstriction.  A  change  in  FEV1  ≥12%, 
expressed as percentage of the predicted value, was considered a significant response.226 
Lung volume measurements were carried out after bronchodilation. Vital  capacity  (VC), 
total  lung capacity  (TLC) and  residual  volume  (RV) were determined by  the multibreath 
nitrogen  washout  method.227  The  mean  of  3  reproducible  manoeuvres  was  used  for 
analysis.  Results  were  expressed  as  z‐scores  calculated  as  the  difference  between 
observed  and  predicted  value  divided  by  the  residual  standard  deviation  from  the 
reference values.228 Since Stanojevic et al. did not provide reference values  for  the PEF, 
these results were expressed as L/s. The RV/TLC ratio was expressed as a percentage. Z‐
scores  <‐1.64  (5th  percentile  of  the  reference  population)  were  considered  abnormally 
low.  In the matched controls all measurements were obtained without bronchodilation. 
Flow‐volume curves were obtained by dry rolling‐seal spirometer in children, and with a 
Fleisch  III  pneumotachometer  in  adolescents.  In  adolescents,  but  not  in  schoolchildren, 
residual  volume was  obtained  by  the  forced  nitrogen  rebreathing  technique  described 
and  validated by  Sterk  et  al.229  The  longitudinal  data  of  growing  children were  used  to 
construct  a  cross‐section  by  selecting  at  random  one  record  from  a  person’s  available 
measurements so that the new data set had an age distribution that was as uniform as 
possible,  each person being  represented only once.224  Thus data were available on 123 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girls and 361 boys. Regressions equations were derived that gave the best fit to the data 
(table 1). 
Table 1. Regression equations derived from the data of growing children224, which were used to 
calculate  the z‐scores  for  the  lung volume measurements. Height  is expressed  in cm and age  in 
years. ln: natural logarithm; RSD: residual standard deviation; RV: residual volume; TLC: total lung 
capacity.  
 
Index  Equation  R²  RSD 
  Girls 
ln RV  2.61 * ln(height) + 0.056 * age – 2.11  0.447  0.235 
ln TLC  2.567 * ln(height) + 0.030 * age – 0.168  0.692  0.109 
RV/TLC (%)  13.157 + 0.589 * age  0.079  4.20 
  Boys 
ln RV  2.738 * ln(height) + 0.067 * age ‐2.375  0.616  0.239 
ln TLC  2.698 * ln(height) – 0.041 * age – 0.412  0.866  0.101 
RV/TLC (%)  12.816 + 0.580 * age  0.063  4.27 
 
 
Cardiopulmonary exercise testing 
Maximal  exercise  capacity  was  assessed  using  the  Bruce  treadmill  test.  The  Bruce  test 
protocol  calls  for  3  minute  stages  of  increasing  belt  speed  and  percent  grade  on  a 
treadmill (Marquette, 2000 treadmill).230 Children were always tested in the presence of 
their  parent(s).  Each  patient  was  allowed  to  familiarize  with  the mouth  piece  and  the 
treadmill during a 3 minute period prior to the start of the test. Each child was urged to 
continue to the point of severe fatigue. Heart rate and oxygen saturation were monitored 
by  finger  pulse  oximetry.  The  parameters  measured  during  the  CPET  were  minute 
ventilation  (V’E),  oxygen  uptake  (V’O2,max),  oxygen  pulse  (O2‐pulse;  i.e.  oxygen  uptake 
divided  by  the  heart  rate),  respiratory  exchange  ratio  (RER),  ratio  of  ventilation  to  CO2 
output  (V’E,CO2),  the  respiratory  rate  and  the duration of  the exercise  test.  Respiratory 
gases  were  monitored  on  a  breath‐by‐breath  basis  using  a  flow  sensor  (Vmax  229, 
SensorMedics, Yorba Linda, CA, USA). The CPET was considered adequate if 1 or more of 
the  following  conditions were  achieved:  at  least  80%  of  the maximum  predicted  heart 
rate  (determined  as  220  minus  age),  RER  >1.0  during  1  minute  or  exhaustion  of  the 
subject.231 The V’O2,max  and the V’O2,max/kg were expressed as z‐scores calculated from 
reference  values.232  Z‐scores  <‐1.96  (2.5th  percentile  of  the  reference  population) were 
considered abnormally low.  
Statistical analysis 
Statistical analysis was performed using the unpaired t‐test or the one‐sample t‐test with 
0  as  reference  for  normally  distributed  continuous  data.  The  Kolmogorov‐Smirnov  test 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was used to determine whether results were normally distributed. Non‐parametric tests 
were used for non‐normally distributed continuous data. The Fisher exact test or the Chi‐
square  test were used  for  comparing categorical data. To explore  the  relation between 
early (perinatal and neonatal) risk factors and lung function in later life, linear regression 
analysis  with  pulmonary  function  parameters  and  CPET  results  as  dependent  variables 
was  performed.  Statistical  significance was  defined  as  p  <0.05.  SPSS  15.0 was  used  for 
data analysis. 
Results 
Patient characteristics 
Onehundred  and  eighty‐two  patients  born  with  CDH  were  referred  to  the  Pediatric 
Surgical  Center  of  Amsterdam  between  1987  and  1999,  and  the  Sophia  Children’s 
Hospital  between 1988  and  1994,  84  of  them  survived.  Fifteen patients were  excluded 
because of treatment with ECMO (7 patients), mental retardation (3 patients), trisomy 21 
(2 patients), pentalogy of Cantrell  (1 patient), pulmonary hemosiderosis  (1 patient) and 
missing patient file (1 patient). Of the 69 high‐risk CDH patients eligible for this study 53 
(77%) agreed to participate (figure 1). Thirty‐three patients were treated in the Pediatric 
Surgical Centre of Amsterdam and 20 in the Sophia’s Children Hospital. A comparison of 
the 53 participating patients with  those who were unwilling  to participate disclosed no 
significant differences  (table 2).  Four children were born before a gestational age of 36 
weeks  (minimum  31  weeks).  CDH  repair  was  performed  2.8  ±  3.7  days  (mean  ±  SD, 
median  2  days,  range  0‐23  days)  after  birth.  CDH  repair  was  only  performed  when 
patients  were  stabilized  and  adequately  oxygenated.  Lung  protective  ventilation 
strategies were used in both neonatal care units. Median hospital stay was 24 days (range 
10‐330 days). Neurological abnormalities were reported in 13 patients (25%), 11 patients 
had  a  developmental  delay  and  2  patients  had  muscle  tone  abnormalities.  Persistent 
pulmonary  hypertension  of  the  neonate  (PPHN)  was  well  documented  in  only  7  cases 
(13%), while in many files accurate information was missing. One patient was discharged 
with oxygen, which was continued for 3 months after discharge. Mean age (SD) at follow‐
up  was  11.9  (3.5)  years  (range  6–18  years).  None  of  the  patients  used  anti‐reflux 
medication at the time of follow‐up. 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Figure 1. Exclusion and enrollment of the patients 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Table 2. Characteristics of participating and non‐participating patients did not differ significantly. 
Numbers indicate numbers of patients, except birth weight, gestational age and ventilation. These 
variables  are  expressed  as  mean  ±  SD  unless  otherwise  stated.  *GERD  was  demonstrated  by 
gastrointestinal X‐ray series, pH‐metry and/or endoscopy in the first 2 years after CDH repair. AS: 
Apgar score; CDH: congenital diaphragmatic hernia; GERD: gastro‐esophageal reflux disease 
 
  Participating 
(n=53) 
Not participating  
(n=16) 
p‐value 
Male  29 (55%)  9 (56%)  1.00 
Birth weight (grams)  3198 ± 670  3076 ± 450  0.52 
Gestational age (weeks)  38.9 ± 2.2  39.4 ± 1.7  0.75 
AS 5 minute ≤5   8 (15%)  2 (13%)  1.00 
Symptoms ≤6 hrs after birth  45 (85%)  13 (81%)  1.00 
Left sided CDH  45 (85%)  16 (100%)  0.22 
Ventilation median days ( range)  8.0 (1‐66)  13.0 (0‐36)  0.61 
Patch reconstruction  19 (36%)  7 (44%)  0.63 
Astma in history  15 (28%)  3 (19%)  0.53 
GERD in history*  19 (36%)  8 (50%)  0.40 
Cardiac abnormalities  8 (15%)  5 (31%)  0.15 
Recurrent CDH  5 (9%)  1 (6%)  1.00 
 
 
Pulmonary function 
One  patient  was  extremely  anxious  and  therefore  refused  to  perform  the  pulmonary 
function test. Spirometry and lung volume measurements of 4 patients (8%) could not be 
reproduced  and  were  excluded  from  analysis.  In  10  children  (19%)  bronchodilator 
responsiveness was not tested because of technical difficulties. Z‐scores of all pulmonary 
function test results were normally distributed. The FEV1 z‐score before bronchodilation 
(BD)  was  abnormally  low  (<‐1.64)  in  22  CDH  patients  (46%)  vs  0  in  the  control  group 
(p<0.001); in 12 CDH patients there was a >12% increase in FEV1 after bronchodilation (5 
not tested). In 12 out of 48 CDH patients (25%) the FEV1/FVC z‐score was abnormally low 
(<‐1.64)  before  BD  vs  3  subjects  (6%)  in  the  control  group  (p=0.007). Mean  FEV1,  FVC, 
FEV1/FVC, MMEF and PEF were significantly lower in CDH patients when compared to the 
control group (table 3). The RV/TLC ratio exceeded +1.64 SD in 25 patients (52%) vs 0 in 
the control group (p<0.001), in 19 (76%) this was due to an elevated RV, in 5 (20%) to a 
decreased  TLC,  and  in  1  patient  (4%)  to  a  combination.  Restrictive  impairment  (TLC  z‐
score <‐1.64 SD) was demonstrated in 8 patients (17%) vs 0 in the control group (p=0.02). 
Linear regression analysis disclosed a negative association between GERD and both FEV1 
and  FVC  before  BD  (table  4).  Patients  who  were  ventilated  at  least  7  days  had  a 
significantly lower FEV1 z‐score after BD and FVC before BD (figure 2A). Patients who had 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undergone anti‐reflux  surgery had significantly  lower z‐scores  for FEV1, FVC, MMEF and 
TLC (figure 2B). There was a trend towards higher age at follow‐up and lower z‐scores for 
FEV1  (p=0.051) and FEV1/FVC (p=0.06)  in CDH patients  (figure 3A, B and C respectively). 
There was no association between age and the z‐score for FVC (p=0.22). 
Table  4.  Stepwise  multivariate  regression  models  for  several  pulmonary  function  parameters 
(expressed  as  z‐scores,  unless  otherwise  stated).  Independent  variables  were  duration  of 
ventilation,  early GERD  (<2  yrs  after CDH correction),  side of defect,  asthma  in 1st  grade  family 
members,  atopy  and  parental  smoking.  BD:  bronchodilation;  GERD:  gastro‐esophageal  reflux 
disease;  FEV1:  forced  expiratory  volume  in  one  second;  FVC:  forced  vital  capacity;  RV:  residual 
volume; SE: standard error; TLC: total lung capacity. 
 
  B  SE  p  Adjusted R² 
FEV1 before BD         
  Early GERD   ‐1.29  0.385  0.002  0.19 
  constant  ‐0.73  0.243     
FVC before BD         
  Early GERD  ‐1.536  0.438  0.001  0.10 
  constant  ‐0.932  0.277     
FVC after BD         
  Duration of ventilation  ‐0.026  0.011  0.03  0.12 
  constant  ‐1.018  0.252     
RV/TLC (%)         
  Duration of ventilation  0.179  0.081  0.03  0.08 
  constant  24.13  1.684 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Figure 2. Comparison of pulmonary function parameters in patients ventilated at least 7 days vs 
patients ventilated less than 7 days (2A) and patients requiring anti‐reflux surgery vs no anti‐reflux 
surgery (2B). All lung function parameters are expressed as z‐score according to Stanojevic.228 
BD  :  bronchodilation;  FEV1:  forced  expiratory  volume  in  one  second;  MMEF:  midmaximum 
expiratory flow; FVC: forced vital capacity. 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Figure  3.  Relation  between  lung  function  results  and  age  at  follow‐up.  Thick  and  dotted  lines 
represent regression lines derived from data of the control group and the CDH group respectively. 
Lung function results are expressed as z‐scores according to Stanojevic et al.228 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Maximum exercise testing 
Eight patients did not perform a cardiopulmonary exercise  test  (CPET)  for  the  following 
reasons: refusal (5 patients), technical problems (2 patients) and 1 patient skipped CPET 
because a severely impaired pulmonary function (FEV1 z‐score ‐7.14). Pulmonary function 
results were significantly lower for patients who did not perform the CPET (FEV1 z‐score –
3.93 vs –1.10; p=0.002 and FEV1/FVC z‐score  ‐2.49 vs  ‐0.76; p=0.02).  Forty‐five patients 
underwent CPET. Results of 9 patients were excluded from analysis because they did not 
reach  the  level  of  maximal  exercise  due  to  painful  legs  (6  patients),  mild  motor  skills 
disorder  (1  patient),  shortness  of  breath  (1  patient)  and  being  too  small  to  fulfill  the 
protocol (1 patient). Six of them had a history of developmental delay, which might have 
influenced exercise performance. Pulmonary function results of the patients who did not 
achieve  maximal  exercise  were  similar  to  those  who  did.  Four  children  had  mild 
transcutaneous  desaturation  (Stc,O2  84‐94%)  during  CPET,  2  of  them  did  not  achieve 
maximal  exercise  due  to  painful  legs.  Reliable  exercise  data  could  be  obtained  in  36 
children and showed that 3 children had an abnormally low V’O2,max z‐score (<‐1.96). In 1 
child  this  was  accompanied  by  a  reduced  peak  O2  pulse  (O2‐pulse  ≤  80%  predicted), 
whereas  2  patients  had  airway obstruction  (FEV1/FVC  z‐score  –2.80  and –2.00). Overall 
the mean V’O2,max  z‐score did not differ  significantly  from normal  values  (‐0.23 ± 1.58; 
mean ± SD; p=0.39) (table 5). 
 
Table 5. Results of the cardiopulmonary exercise testing.  Numbers are expressed as mean ± SD. 
V’E: minute  ventilation;  FEV1:  forced  expiratory  volume  in  one  second;  SD:  standard  deviation; 
Stc,O2: transcutaneous oxygen saturation; V’E,CO2:ratio of ventilation to CO2 output. 
 
Parameter    95% CI 
  Mean ± SD  Lower bound  Upper bound 
Heart rate max (% predicted)    97.7 ± 1.3  96.4     99.4 
Respiratory rate max (x/min)    57.9 ± 14.4  53.0      62.9 
Respiratory exhange ratio    1.09 ± 0.13     1.05       1.13 
V’E max (L/min)    71.4 ± 26.8   62.3     80.4 
O2 pulse (% predicted)  102.7 ± 17.1   96.4  108.9 
V’O2,max (z‐score)    ‐0.23 ± 1.58    ‐0.77       0.31 
V’O2,max/kg  (z‐score)   ‐0.25 ± 1.28    ‐0.68       0.18 
V’E,CO2 (L/min)    31.1 ± 5.6   29.2    33.0 
Stc,O2 (%)    95.3 ± 3.0   94.1    96.5 
Exercise duration (z‐score)    0.79 ± 1.2     0.40       1.18 
 
 
Linear regression analysis showed that the V’O2,max z‐score was positively associated with 
FEV1  z‐score  before  BD  (R²=0.27;  p=0.001),  after  correction  for  duration  of  ventilation, 
parental smoking, sport practise and exercise tolerance. 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Discussion 
We  found  mild  to  moderate  pulmonary  function  abnormalities  in  children  and 
adolescents  born  with  high  risk  CDH  compared  to  a  matched  control  group.  Linear 
regression  analysis  revealed  that  GERD  in  the  first  2  years  after  repair  was  an 
independent  determinant  of  a  reduced  FEV1  and  FVC.  Furthermore,  our  study 
demonstrated  that  the  majority  of  patients  had  a  normal  exercise  capacity  and 
cardiorespiratory  response.  A  reduced  FEV1,  FVC,  FEV1/FVC  and  MMEF  was  found  in 
almost  half  of  the  CDH  survivors,  versus  approximately  0%  in  the  control  group. 
Obstructive airways disease in these patients may be due to distorted airway architecture 
due  to  pulmonary  hypoplasia  or  ventilator‐induced  barotrauma. When  comparing  CDH 
patients who were ventilated less than 7 days with patients ventilated more than 7 days 
we found a significantly lower FEV1 after bronchodilation in the latter group, which may 
reflect  severity  of  (CDH  related)  pulmonary  disease  or  ventilator‐induced  barotrauma. 
This finding is in agreement with earlier studies.63,69 The increased RV/TLC ratio might be 
due to obstructive  impairment. However,  it has been demonstrated that the size of the 
alveoli  themselves  increases,  resulting  in  alveolar  distension  and  consequently 
hyperinflation,46,48  which  may  also  cause  an  increased  RV/TLC  ratio.66,69  Overall  CDH 
patients  appeared  not  to  have  an  important  reduction  of  total  lung  capacity  in  their 
school  and  adolescent  years.66,68,69  It  has  been  suggested  that  delayed  CDH  repair  and 
lung‐protective  ventilation  strategies  might  prevent  ventilator‐induced  lung  injury.4,49 
Nonetheless our results are similar to those of the study of IJsselstijn et al. in which CDH 
patients  were  operated  immediately  after  birth  implying  that  neonatal  management, 
particularly ventilation strategy, is not a major determinant of long‐term lung function in 
high  risk  CDH.69  Nine  children  had  significant  bronchodilator  responsiveness.  Only  2  of 
these  children  were  currently  treated  with  inhaled  steroids  and/or  Β2‐mimetics.  All 
children had shortness of breath, though they did not experience this as abnormal. This 
suggests  that  both  parents  and  physicians  tend  to  underestimate  the  significance  of 
respiratory symptoms in children born with CDH. This might be due to their willingness to 
accept symptoms that they assume are due to the underlying congenital abnormality  in 
the  lung as well as the fact that many patients have been living with obstructive airway 
pathology  since  birth  and  might  therefore  not  fully  apprehend  their  respiratory 
limitations. This phenomenon has been previously reported.68 Linear regression analysis 
demonstrated that GERD in the first 2 years after repair was an independent predictor for 
a  reduction  in  FEV1.  An  association  between  airway  obstruction  and  GERD  has  been 
suggested before, but is controversial.233 It may be speculated that prolonged microscopic 
aspiration  of  gastric  acid  into  the  airways,  and  potentially  into  the  alveoli,  may  cause 
chronic pulmonary inflammation and pulmonary fibrosis. Schachter et al. found that adult 
patients  with  severe  GERD  have  a  reduced  diffusion  capacity  compared  to  patients 
without  GERD.234  There  are  no  pulmonary  function  studies  describing  the  long‐term 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follow‐up of infants with severe GERD, although it has been reported that children born 
with esophageal atresia and radiologically demonstrated gastro‐esophageal reflux in early 
childhood had airway obstruction more often, and smaller lung volumes, 6‐37 years after 
repair of esophageal atresia compared to children born with esophageal atresia without 
gastroesophageal  reflux.169  Despite  the  pulmonary  function  abnormalities,  all  children 
except 3 reached a normal V’O2,max. It should be noted, however, that results in 9 patients 
were excluded and 8 patients could not perform the CPET. We cannot exclude possible 
selection bias regarding the CPET, since patients with the poorest pulmonary function did 
not perform the test. The reduced V’O2,max in 3 patients is most probably due to airway 
abnormalities.  A  reduced  V’O2,max  due  to  a  decreased  level  of  fitness  is  less  likely, 
because 2 of the 3 patients practised sports twice a week. Our study demonstrated that 
the  majority  of  patients  tested  had  a  normal  exercise  capacity  and  cardiorespiratory 
response.  Mean  duration  of  CPET  was  even  longer  than  expected.  During  exercise  4 
children  had  mild  desaturation  with  a  normal  O2  pulse  and  V’E,CO2  indicating  that 
measurement  of  saturation was  unsatisfactory  due  to  perspiration  and movement. We 
studied  a  relatively  large  group  of  school  aged  high  risk  CDH  survivors.  Although  our 
control group was not recruited specifically  for this study, measurements were made  in 
similar  age‐groups  and  with  comparable  techniques.  The  cohort  had  similar  neonatal 
characteristics compared to those survivors who did not participate. We therefore  infer 
that the results from our cohort are representative of the entire group of surviving CDH 
patients that present with early respiratory symptoms. We recognize that, despite using 
z‐scores  based  on  a  healthy  reference  population  for  the  CPET,  a  control  group  is 
preferable.  Another  limitation  is  the  broad  age  range  of  the  studied  patients,  which  is 
almost  inevitable due to the relatively  low incidence of CDH and the high mortality. We 
used z‐scores to compensate for the age difference. In conclusion, we demonstrated that 
survivors  of  high  risk  CDH  have  mild  to  moderate  pulmonary  function  abnormalities, 
which might  be  related  to  GERD  in  the  first  years  after  CDH  repair.  Future  research  is 
recommended  in  order  to  investigate  the  relation between GERD after  CDH  repair  and 
pulmonary  function  abnormalities  in  later  life.  Exercise  capacity  and  oxygen  uptake  is 
probably normal in these patients, indicating that they are not at risk of developing long‐
term pulmonary vascular pathology. Nevertheless our results demonstrate that periodical 
evaluation of cardiorespiratory function in all CDH survivors is mandatory with particular 
attention for the role of GERD as subjects tend to underestimate their symptoms. 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Abstract  
Congenital  diaphragmatic  hernia  (CDH)  is  accompanied  by  pulmonary  hypoplasia  and 
structural  abnormalities  of  the  pulmonary  vascular  bed.  It  is  unknown  whether 
pulmonary function, exercise capacity, and gas exchange during exercise are impaired in 
adult CDH survivors. The objective of  this study was  to assess  the  long‐term pulmonary 
function,  exercise  capacity,  and  gas  exchange  during  exercise  and  relate  these  findings 
with quality of life. Of the 23 patients eligible for this study, 12 adult CDH survivors (mean 
age, 24.3 ± 4.1 years) with high‐risk CDH agreed to participate. Pulmonary function tests, 
diffusion capacity, and a cardiopulmonary exercise test (CPET) were performed. The FEV1 
(mean z‐score ± SD; ‐1.30 ± 1.37), FEF25–75% (‐1.49 ± 1.14), and the KCO (‐1.03 ± 1.24) were 
found  to  be  lower  in  CDH  survivors.  The RV/TLC  ratio  (28.2% ±  5.0%) was  found  to  be 
higher.  Despite  these  abnormalities,  percent  predicted  work  load  (102%  ±  17.2%)  and 
percent predicted maximal oxygen uptake  (90.8% ± 18.9%) were normal  in most of  the 
patients.  The  quality  of  life  of  CDH  survivors,  assessed with  the  SF‐36  questionnaire,  is 
comparable to the general population. Comparison of participants to non‐participants did 
not  reveal  significant  differences  in  clinical  characteristics.  In  this  first  study  assessing 
pulmonary  function  in  adult  survivors of CDH, mild airway obstruction was observed  in 
most of  the patients together with a slightly reduced diffusion capacity  for CO. Exercise 
capacity and gas exchange parameters were normal in this group, indicating that patients 
do  not  have  a  physical  impairment,  as  reflected  by  a  normal  quality  of  life  of  CDH 
patients. 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Introduction 
Congenital diaphragmatic hernia (CDH) is a congenital anomaly, which frequently leads to 
a  life‐threatening  condition  in  the  neonatal  period.  Despite  optimization  in  antenatal 
diagnosis  and  advanced  early  postnatal  management,  the  mortality  rate  for  live‐born 
neonates  with  CDH  remains  stable  around  50%.1‐4  Pulmonary  hypoplasia,  pulmonary 
hypertension,  and  associated malformations  are  the most  frequent  causes  of  neonatal 
mortality.1‐3,5,6,8,11,12  In  reports  of  childhood  survivors  of  CDH,  many  long‐term 
complications  have  been  recognized,  such  as  pulmonary  sequelae,  cardiovascular 
morbidity,  gastrointestinal  disease,  neurocognitive  defects,  and  musculoskeletal 
abnormalities.11,62,65,69,102,131,143 In the neonatal period pulmonary complications are most 
prominent.  The  majority  of  infants  born  with  CDH  require  varying  forms  of  postnatal 
ventilatory  support  in  the  neonatal  period,  including  high‐frequency  ventilation  and/or 
ECMO  in  order  to  obtain  adequate  ventilation  and  to  prevent  damage  of  the  lung 
parenchyma.4,49 Early pulmonary complications are not only due to compression of lungs 
by  the  thoracic  position  of  intestinal  organs  but  also  due  to  hypoplasia  of  the  lung,  an 
altered structure of the lung, and alterations of the pulmonary vascular system. CDH has 
been associated with  failure of  the normal  structural  remodeling of pressure‐regulating 
pulmonary  arteries  after  birth,76,77  which  can  result  in  pulmonary  hypertension  in  the 
neonatal  period.62  In  addition,  clinical  and  radiological  lung  disease  resembling 
bronchopulmonary  dysplasia  have  been  found  in  one‐third  of  CDH  survivors  despite  a 
normal birth weight.223 Lung  function studies  in children surviving CDH have reported a 
reduction  of  the  vital  capacity  (VC)  and  the  forced  vital  capacity  (FVC)66,  and  mild  to 
moderate  airway  obstruction  in  childhood.48,62,68,69  Scintigraphic  studies  have 
demonstrated  that  in  CDH  survivors,  mean  perfusion  of  the  ipsilateral  lung  was  lower 
when  compared  to  healthy  children  and when  compared  to  the  contralateral  lung.48,62‐
65,71 It has been suggested that because of ventilation of poorly perfused areas, increased 
intrapulmonary shunting and hypoxemia in CDH patients may result  in the development 
of pulmonary hypertension.62 There are some studies that  found evidence of prolonged 
pulmonary  hypertension  in  CDH‐survivors;  the majority  of  these  patients  were  treated 
with ECMO while the maximum age of follow‐up was only 5 years.33.88 Recently a nearly 
normal  resting  and  exercise  cardiorespiratory  function  has  been  reported  in  CDH 
survivors  aged  10–16  years  without  evidence  for  exercise‐induced  pulmonary 
hypertension measured  by  echocardiography  and maximal  exercise  testing.72  Although 
these  data  suggest  that  pulmonary  vascular  damage  is  not  progressive  over  time,  the 
influence of CDH and CDH repair on  lung function and exercise capacity  in adult  life are 
still unknown. The aim of this study was to assess pulmonary function, exercise capacity, 
and gas exchange together with the quality of  life  in adult patients who had undergone 
surgical repair of a CDH in the neonatal period. 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Materials and methods 
Patients 
All patients who had undergone surgical correction of a CDH within the first 28 days of life 
in the Pediatric Surgical Centre Amsterdam between 1960 and 1986 were eligible for this 
study. Patients were excluded when they were incapable to follow study instructions. The 
patient’s  history  was  reviewed  with  specific  attention  to  birth  weight,  Apgar  scores, 
associated congenital malformations,  localization of the defect, position of the stomach, 
and  the  liver  before  repair,  surgical  management,  pulmonary  hypertension  in  the 
neonatal period  (PPHN), duration, and  type of ventilation and complications  in  the  first 
decade of  life such as gastro‐esophageal reflux disease (GERD).  In addition the need for 
supplemental  oxygen,  diuretics  after  discharge,  and  the  use  of  bronchodilators  and 
inhaled steroids after discharge were  retrieved  from the medical  chart. The  local Ethics 
Committee  approved  the  study protocol. Written  informed  consent was obtained  from 
each patient prior to participation. 
Study design 
In patients who gave informed consent height and weight were measured and converted 
to  body  mass  index  (BMI)  (kg/m2).  Pulmonary  function  was  assessed  with  spirometry, 
lung  volume measurements,  and measurement  of  carbon monoxide  diffusion  capacity. 
Maximal exercise  testing was performed on a  cycle ergometer. All measurements were 
performed  by  respiratory  lab  technicians  according  to  the  guidelines  of  the  European 
Respiratory Society.226 Overall well‐being was assessed with the Dutch version of the SF‐
36.235 
Pulmonary function 
Subjects  performed  standard  spirometry  and  lung  volume  measurements.226  Any 
medication was  discontinued  24  hr  prior  to  testing.  Spirometry was  performed using  a 
mass flow sensor (Vmax 229, Sensormedics, Yorba Linda, CA). Forced expiratory volume 
in  1  sec  (FEV1)  and  FVC were  determined  from  the  best  of  3  reproducible maneuvers. 
Participants wore nose clips during the tests. Functional residual capacity (FRC), VC, and 
residual  volume  (RV)  were  determined  by  whole  body  plethysmography.  To  assess 
potential airway obstruction, spirometry was repeated after  inhalation of 4 x 100 mg of 
salbutamol  doseaerosol  by  metered  dose  inhaler  to  evaluate  reversibility  of  the 
obstruction.  The  diffusion  capacity  for  carbon monoxide  (D’L,CO) was measured  by  the 
single‐breath method using a multigas analyzer (Sensor Medics) in combination with the 
mass  flow  sensor  (Vmax  229,  Sensormedics,  Yorba  Linda,  CA).  The  mean  value  of  2 
measurements was used to determine D’L,CO, alveolar volume (VA), and D’L,CO corrected 
for VA (KCO). 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Cardiopulmonary Exercise Testing 
Cardiopulmonary  exercise  testing  (CPET) was  performed on  an  electrically  braked  cycle 
ergometer  (Rehcor,  Lode,  Groningen,  The  Netherlands).  Each  patient  performed  a 
standard, progressively increasing workload reaching maximum tolerance in 10 min, while 
increasing the work rate every minute. Respiratory gases were monitored on a breath‐by‐
breath basis using a multigas analyzer  (Sensor Medics, Yorba Linda, CA)  in  combination 
with a mass flowsensor (Vmax 229, Sensormedics, Yorba Linda, CA). Pulse‐oximetry, heart 
rate,  respiratory  rate,  and  a  12  lead  electrocardiogram of  all  patients were monitored. 
The parameters measured during CPET were maximal workload, minute ventilation (V’E), 
oxygen uptake (V’O2),oxygen‐pulse (O2‐pulse), respiratory exchange rate (RER), and tidal 
volume  (Vt).  The  nadir  of  ventilation  to  CO2  (V’E,CO2)  output  during  exercise  was 
determined,236 it represents the relationship between ventilation (V’E) and CO2 output. A 
high  V’E/  V’E,CO2  reveals  the  likelihood  of  high‐dead  space  ventilation  due  to  poor 
perfusion  of  ventilated  alveoli.  The  V’E/  V’E,CO2  is  considered  abnormal  if  above  30, 
reflecting pulmonary vascular disease.236 The CPET was considered adequate if 1 or more 
of  the  following conditions were met:  the maximal predicted heart  rate or  the maximal 
predicted  workload  was  achieved  (>80%  of  predicted),  an  oxygen  uptake  plateau  was 
observed,  RER  >1.15  or  exhaustion  of  the  subject.231  Termination  of  the  test  was 
performed  according to the criteria of the ATS/ACCP.231 
SF‐36 questionnaire 
The SF‐36 questionnaire is a generic quality of life measuring instrument that consists of 
36  items  in  the  following  8  domains:  physical  functioning,  role  physical,  bodily  pain, 
general  health,  vitality,  social  functioning,  role‐emotional,  and  mental  health.  Domain 
scores are expressed as mean ± SD. Results were also aggregated  into a physical and a 
mental health summary scale. Reference scores derived from a Dutch general population 
aged  16–40  years  were  used  for  the  8  domains  mentioned  above.235  For  the  physical 
component  score  and  the  mental  component  score  the  reference  values  of  the  US 
general population were used.237 
Data analysis 
Statistical  analysis  was  performed  using  the  unpaired  t‐test  for  normally  distributed 
continuous variables and non‐parametric tests for normally distributed continuous data. 
The Fisher exact test or the χ²‐test was used for  comparing categorical data.238 Statistical 
significance  was  defined  as  P<0.05.  SPSS  11.0.  was  used  for  data  analyses.  The 
parameters  of  pulmonary  function  testing  were  expressed  as  z‐scores  calculated  from 
reference  values,226,239,240  except  for  RV/TLC,  that  was  expressed  in  percentage.  The 
parameters  of  the  CPET were  expressed  as  percent  predicted  values.241  A  variable was 
considered abnormal according to the guidelines of the ATS.231 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Results 
Patient characteristics 
From 1960 to 1986, 50 patients were treated for CDH at our institution. Nine cases were 
referred  after  the  neonatal  period  and  were  therefore  excluded.  Of  the  remaining  41 
patients,  24  survived  (overall  mortality,  41%).  From  1  patient  the  medical  record  was 
missing and had to be excluded. Of the 23 patients eligible for the study 17 (74%) could 
be  traced.  Five  of  them  (29%)  declined  to  participate  (fig.1).  To  exclude  potential 
selection  bias  we  compared  the  most  important  clinical  characteristics  of  the  12 
participating  patients  with  those  who  did  not  participate  (n=11).  No  significant 
differences were found between these groups (table 1). All patients were treated in the 
period before  the  introduction of ECMO  in  the Netherlands. There were 9 males and 3 
females  participating.  Four  patients  had been  treated  for GERD  in  early  life;  2  of  them 
underwent  anti‐reflux  surgery  (anterior  gastropexia). One  patient  had  a  past  history  of 
bronchial  hyperreactivity.  In  2  patients  PPHN was  documented  in  the  neonatal  period. 
There were 2 patients who had required a patch reconstruction of the CDH. One of them 
had  a  recurrent  hernia  at  the  age  of  6 months.  None  of  the  other  patients  had  had  a 
recurrence. None of the patients needed diuretics or oxygen when they were discharged. 
The  length  of  stay  in  the  hospital  was  23.2  ±  16  days  (mean  ±  SD).  At  follow‐up 
participants had a mean age of 24.3 ± 4.1 years (mean ± SD) and a BMI of 21.7 ± 2.2 kg/m2 
(mean ± SD). 
 
Table 1. Participating patients versus non‐participating patients. No significant differences were 
observed. *expressed as number of patients **expressed as mean ± SD. 
 
  Participating 
n=12 
Non‐participating 
n=11  
Male*  9  6 
Gestational age (weeks)**  37.7 ± 2.1  39.3 ± 2.2 
Birth weight (grams)**  2602 ± 661  3150 ± 728 
5 minute Apgar score ≤ 5*  1  1 
Duration of ventilation (days)**  3.0 ± 2.5  4.1 ± 4.4 
Symptomatic <6 hours*  6  9 
Left sided CDH*  10  9 
Use of patch*  2  0 
Stomach intrathoracal*  5  2 
Liver intrathoracal*  2  1 
Asthma in history*  1  0 
GERD in history*  4  1 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Figure 1. Exclusion and enrollment of the CDH patients. 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Pulmonary function 
All the results from the pulmonary function tests are listed in table 2. Four patients (33%) 
had obstructive  ventilatory  impairment defined as  FEV1  z‐score ≤‐1.64;
226  none  showed 
improvement  after  bronchodilator  inhalation.  Six  patients  (50%) had  a  FEF25–75%  z‐score   
≤‐1.64. A  restrictive  ventilatory  impairment  (TLC  z‐score ≤‐1.64) was demonstrated  in 3 
patients  (25%),  in  2  of  them  the  TLC  z‐score  was  ≤‐1.96.  One  of  those  patients  had 
required  a  patch  reconstruction.  The  other  patient  who  had  a  patch  (and  a  recurrent 
hernia) had an obstructive impairment measured by spirometry. The pulmonary function 
parameters  of  the  remaining  5  patients  (42%)  were  within  normal  range.  Airway 
obstruction  could  not  be  demonstrated  in  the  patient  who  had  a  history  of  bronchial 
hyperreactivity  in  history.  Overall,  participants  appeared  to  have  a  lower  FEV1  and     
FEF25–75%  compared  with  the  general  population,  the  FEV1/FVC  ratio  was  similar.  The 
mean RV/TLC ratio was found to be elevated in the CDH patients; however the mean RV 
and mean total lung capacity appeared to be normal. In 2 patients the RV/TLC ratio was 
elevated,  in  1  patient  this was  due  to  an  elevated  RV  (z‐score,  2.04),  and  in  the  other 
patient to a reduced TLC (z‐score, ‐2.02). The diffusion capacity (D’L,CO) was reduced in 4 
out of 12 patients (z‐score, ≤‐1.64); the diffusion capacity per liter alveolar volume (KCO) 
was  abnormally  low  (z‐score,  ≤‐1.64)  in  3  patients.  In  comparison  with  the  general 
population the KCO appeared to be lower in the CDH patients (table 2). 
 
Table  2.  Results  of  spirometry,  lung  volume  measurement  and  diffusion  capacity  of  adult 
survivors  of  CDH.  Values  are  expressed  as  z‐  scores  calculated  from  reference  values  226,239,240, 
unless otherwise stated. 
 
  mean ± SD  95% Confidence Interval 
    Lower bound  Upper bound 
FVC   ‐0.84 ± 1.52   ‐1.81     0.13 
FEV1   ‐1.30 ± 1.37   ‐2.18    ‐0.43 
FEV1/FVC   ‐0.80 ± 1.34   ‐1.65     0.54 
PEF   ‐1.12 ± 0.96   ‐1.73    ‐0.51 
FEF25‐75%   ‐1.49 ± 1.14   ‐2.21    ‐0.76 
TLC   ‐0.47 ± 1.53   ‐1.44     0.50 
RV    0.46 ± 1.08   ‐0.23     1.14 
FRC    0.41 ± 1.21   ‐0.36     1.18 
RV/TLC (%)   28.2 ± 5.0  25.0  31.3 
D’L,CO   ‐1.24 ± 0.83   ‐1.77  ‐0.71 
KCO   ‐1.03 ± 1.24   ‐1.82  ‐0.24 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Cardiopulmonary Exercise Testing 
During the CPET all participants achieved maximum exercise according the criteria of the 
ATS/ACCP  as  stated  above.231  None  of  the  12  subjects  desaturated  (oxygen  saturation 
below 95%) during the test. Four patients had a maximum oxygen uptake (V’O2,max) at or 
below 84% of predicted. In 3 patients this was accompanied with a reduction of peak O2 
pulse (O2‐pulse ≤80% of predicted). In 4 patients the V’O2,max was between 85% and 90% 
predicted.  Two  of  these  patients  had  a  restrictive  impairment  in  combination  with 
obstruction of the small airways (TLC z‐score, ‐2.93 and ‐2.77; FEF25–75% z‐score, ‐3.19 and 
‐2.44), whereas 1 patient had isolated obstruction of the small airways (FEF25–75% z‐score,  
‐1.76) with a normal TLC (z‐score, 0.20). The V’E,CO2 ratio exceeded 30 in one patient. The 
ratio  of  dead  space  ventilation  versus  tidal  volume  (VD/VT)  response was  normal  in  all 
patients. The results of the CPET are listed in Table 3. 
 
Table 3. Results of  the CPET of adult  survivors of CDH. Values are, except breathing  frequency, 
V’E,CO2 ratio and VD/VT, expressed as percent predicted.
231,241  
 
  Mean ± SD  95% Confidence Interval 
    Lower bound  Upper bound 
Heart rate (% predicted)    93.1 ± 5.5  89.6     96.6 
Work load (% predicted)  102.6 ± 17.2  91.6  113.5 
Breathing frequency (x/min)    45.3 ± 9.5  39.3     51.5 
Ventilatory reserve (%)    31.1 ± 15.3  21.4     40.8 
V’O2,max (% predicted)    90.8 ± 18.9  78.8  102.8 
O2‐pulse (% predicted)    98.1 ± 22.9  83.5  112.6 
Lowest V’E,CO2 ratio    24.3 ± 3.3  22.2     26.4 
VD/VT    0.16 ± 0.06  0.12       0.20 
 
 
SF‐36 questionnaire 
All  patients  returned  the  SF‐36  questionnaire.  One  patient  did  not  complete  the 
questionnaire, therefore the role‐emotional score, the physical component score, and the 
mental  component  score could not be determined  for  this patient. The mean scores of 
the  domains  and  the  summary  scales  are  shown  in  Figure  2.  CDH  survivors  had  a 
significant better score on the domain ‘‘physical functioning’’ and the physical component 
summary  when  compared  to  the  reference  population.  Despite  the  favorable  overall 
mean  health‐related  quality  of  life,  1  patient  scored  lower  than  ‐1  SD  on  the  physical 
component  summary  measure;  this  was  the  patient  who  had  a  true  restrictive 
impairment (TLC z‐score, ≤ ‐1.96). One patient had a score lower than ‐2SD on the mental 
component summary; his pulmonary function and CPET were completely normal. 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Figure  2. Mean  scores  of  the  8  domains  and  the  2  summary  scales  of  the  SF‐36  of  the  CDH 
survivors compared to the general population.235,237 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Discussion 
We found mild pulmonary function abnormalities in adult survivors of CDH compared to 
the  reference  values.  The  reduced  FEV1,  together  with  a  normal  FEV1/FVC  ratio  and  a 
reduced FEF25–75% showed that airway obstruction of the small airways could be present in 
these patients. This is also underlined by the finding that in 6 patients the FVC was lower 
than the VC which is in agreement with earlier studies.66,69,72 The reduced FEV1 may also 
be due to lower lung volumes as the FEV1/FVC ratio was normal; however we did not find 
a  reduced  FVC  and/or  TLC.  There  are  several  possible  reasons  for  the  finding  of  small 
airway  disease  in  CDH  survivors  such  as  pulmonary  hypoplasia  and  distorted  airwayy 
architecture.45 A reduced number of alveoli has been found in the ipsilateral lung and to a 
lesser  degree  in  the  contralateral  lung.  The  alveolar  number  appears  to  increase  over 
time but is still reduced compared to normal lung tissue. It has been demonstrated that 
the alveoli themselves do increase in size,6,45 consequently alveolar distension may result 
in  early  airway  closure.46,66  This may  cause  an  increase  in  the RV/TLC  ratio,  compatible 
with  the  findings  in  our  patients  and  in  agreement  with  previous  findings.68,69  An 
increased  RV/TLC  ratio  could  also  be  due  to  obstructive  pulmonary  impairment.  Some 
long‐term  follow‐up  studies  describe  a  higher  incidence  of  restrictive  pulmonary 
impairment  among CDH patients  compared  to healthy  subjects;63,65  this  could however 
not  be  confirmed  by  others  nor  by  our  data.59,66  Our  patients  had  a  lower  diffusion 
capacity for CO compared to the reference population. This  is  in discrepancy with other 
studies that show a normal diffusion capacity  in all participating CDH survivors tested in 
their  (pre‐)adolescent  years.65,68,69 A  reduced KCO  that we  found  in adult CDH survivors 
could  be  attributed  either  to  direct  damage  of  the  alveolar  capillary  membrane,  a 
reduction  in  perfusion  of  the  pulmonary  capillary  bed  or  to  a  ventilation  perfusion 
mismatch. Since the exercise test did not show evidence for a diffusion limitation, none of 
the  patients  desaturated  below  95%  during  exercise  and  showed  no  evidence  of  a 
pulmonary  vascular  disease  reflected  by  the  normal  V’E,CO2  nadir  values,  the  slightly 
reduced KCO found  in our study could be explained by ventilation  inhomogenity due to 
small  airway disease. Although  it  has  been  shown by pulmonary  perfusion  scintigraphy 
that  CDH  patients  have  a  persistent  pulmonary  hypoperfusion  on  the  side  of  the 
diaphragmatic  defect,  suggesting  that  a  variable  degree  of  anatomic  impairment  is  still 
present after  repair,  a  recent  study  showed  that none of  the CDH patients  studied had 
evidence  of  pulmonary  hypertension  measured  by  echocardiography,  making  an 
abnormal  vascular  bed  a  very  unlikely  cause  for  the  reduced  KCO.63  During  exercise, 
workload and V’O2,max were normal, whereas none of  the patients  showed  signs of  an 
abnormal  cardiovascular  exercise  response  to  exercise.  This  is  in  agreement  with  the 
good score at the physical domain on the SF‐36 questionnaire. So far there are no other 
studies  describing  pulmonary  function  and  exercise  capacity  in  adult  survivors  of  CDH. 
Only one other  study describes pulmonary  function  in a group consisting of  children as 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well  as  adults with CDH and diaphragmatic  eventration.  In  eventration  cases  restrictive 
impairment  appeared  to  be more  common.  In  CDH  patients  obstructive  findings  were 
more common when compared to patients with an eventration. A subgroup analysis for 
adult survivors was not documented.65 Our study is limited by the relatively small number 
of patients that we could enroll. It was expected that many patients could not be traced 
because the follow‐up period was  long and the majority of patients did not receive any 
medical treatment for more than a decade. Although no significant differences could be 
detected  between  the  participants  and  the  non‐participants,  there  could  be  a  positive 
selection bias, because not all participating patients were symptomatic within 6 hr after 
birth  and  a  relatively  small  number  of  patients  required  a  patch  reconstruction, which 
could have resulted in a better long‐term outcome. It is likely that our group of patients 
is, in general, less affected compared to the patients born nowadays, because our cohort 
was  born  in  a  period  before  the  introduction  of  new  therapies  such  as  high‐frequency 
ventilation, nitric oxide, and ECMO. However, new complications might also be the result 
of  the new  therapeutic modalities.  This  is  the  first  study describing adult patients after 
surgical repair of a CDH. We demonstrated that adult CDH survivors continue to have mild 
spirometric and diffusion abnormalities for CO in adulthood. Despite these abnormalities, 
exercise  capacity  and  oxygen  uptake  is  completely  normal  in  these  patients,  indicating 
that  adult  CDH  survivors  do  not  have  pulmonary  limitations  in  daily  life.  This  is  also 
reflected  by  the  good  quality  of  life  found  with  the  SF‐36  questionnaire  implying  that 
long‐term overall health in CDH survivors is comparable to the general population. 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Abstract 
Objectives 
Gastro‐esophageal reflux disease (GERD)  is a well‐recognized consequence of congenital 
diaphragmatic hernia (CDH). Results of studies examining predictive factors for early and 
late GERD are inconclusive. The aim of this study was to assess the incidence of early (<2 
years) and late GERD (≥ 6 years) following CDH repair and to identify predictive variables. 
Methods 
Of 183 patients born with high‐risk CDH, 107  survived and 38 were excluded. Perinatal 
and postnatal data of 69 eligible patients were analysed  to  identify variables predictive 
for early GERD. For the follow‐up study,  fifty‐eight patients  (84%) (age 12.1 ± 3.4 years; 
range 6‐17) completed a standardised questionnaire. Results were compared to a healthy 
control  group  (n=83).  Patients  who  had  a  score  indicating  increased  risk  of  GERD 
underwent further diagnostic assessment. Predictive factors for early and late GERD were 
identified utilising multivariate regression analysis. 
Results 
Early  GERD  was  demonstrated  in  27  patients  (39%).  Patch  closure  and  intrathoracic 
position  of  the  stomach  were  independent  predictive  variables  for  early  GERD.  At  the 
time of follow‐up 9 out of 58 patients (16%) had symptoms suggestive of GERD. In 7 (12%) 
late GERD was confirmed. For late GERD, however, no perinatal or postnatal risk factors 
were identified.  
Conclusions 
Early GERD is more common in CDH patients with patch closure or intrathoracic position 
of the stomach. Predictive factors for late GERD could not be identified and screening for 
early GERD does not protect for future GERD, therefore long‐term follow‐up for GERD in 
CDH survivors is mandatory. 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Introduction 
Gastro‐esophageal  reflux  disease  (GERD)  is  a  well‐recognized  consequence  following 
repair  of  congenital  diaphragmatic  hernia  (CDH)  and  may  result  in  failure  to  thrive, 
esophagitis and esophageal stricture formation.99 The mechanisms responsible for GERD 
in CDH survivors have not been well established. Several  theories have been proposed, 
such  as  abnormal  anatomy  of  the  gastro‐esophageal  junction  and  malfunction  of  the 
diaphragmatic  hiatus,  either  due  to  agenesis  of  one  hemidiaphragm  or  as  a  result  of 
stretching  following  diaphragmatic  repair.33,95  It  has  also  been  suggested  that  elevated 
abdominal  pressure  after  CDH  repair may  contribute  to  the  development  of  GERD.93,94 
Reports concerning long‐term gastrointestinal morbidity in CDH patients are scarce. Most 
studies only  focus on the  first years of  life.  It has been documented that approximately 
30‐50%  of  the  adult  CDH  survivors  have  GERD,  with  endoscopic  Barrett  esophagus 
present in 4 out of 41 patients.102 Recently the first esophageal adenocarcinoma in a CDH 
survivor has been described.103 In most CDH patients with late GERD a significant clinical 
history compatible with GERD is lacking.102 CDH survivors may therefore represent a silent 
population  at  high  risk  of  complications  of  GERD.  Several  investigators  have  sought  to 
identify  factors predicting  the development of GERD  in  the  first  years after CDH  repair, 
but  the  results  were  not  consistent.93,96,99,100,107,109,242  So  far  no  predictive  factors  for 
GERD presenting at a later age (≥6 years after CDH repair) have been identified, primarily 
because  reports  on  long‐term  gastrointestinal  morbidity  in  CDH  patients  are  few  and 
based on small series of heterogeneous patients. The primary objective of this study was 
to assess the incidence of early (<2 years after CHD repair) and late (≥6 years after CDH 
repair)  GERD  in  high‐risk  CDH  patients  (i.e.  patients  with  CDH‐associated  respiratory 
distress within  the  first 24 h of  life).  The  secondary objective was  to  identify predictive 
factors for early and late GERD in CDH survivors.  
Materials and methods 
Patients 
One hundred and eighty‐three patients born with congenital diaphragmatic hernia were 
referred to the Pediatric Surgical Centre Amsterdam between 1987 and 1999 (n=85) and 
the  Sophia  Children’s  Hospital  in  Rotterdam  between  1988  and  1994  (n=98).  Patients 
were included in the study when they had high‐risk CDH (i.e CDH resulting in respiratory 
distress within 24 hours after birth). Surgical repair of CDH was performed as soon as the 
patient was stabilized and adequately oxygenated, median 2 days after birth. As children 
referred  to  the  Sophia  Children’s  Hospital  after  1994  and  children  treated  with 
extracorporeal  membrane  oxygenation  (ECMO)  were  included  in  another  follow‐up 
program,  they  were  not  eligible  for  this  study.  Patients  with  other  severe  anomalies, 
patients who were not capable of reporting their symptoms and patients who developed 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symptoms  of  CDH  later  than  the  first  24  hours  of  life,  indicative  of  non‐high‐risk  CDH, 
were also not included. Of a total of 183 patients referred to both centres, 76 deceased 
(mortality rate 42%) and 8 were treated with ECMO. Thirty patients were excluded for the 
following  reasons:  non‐high‐risk  CDH  (n=23);  psychomotor  retardation  (n=3);  Down 
syndrome (n=2); other severe anomalies (n=2) (figure 1). Data of the remaining 69 high‐
risk  CDH  survivors,  of  whom  39  (57%)  originated  from  the  Amsterdam  cohort,  were 
analysed  to  assess  the  incidence  of  early  GERD  and  its  determinants.  Early  GERD  was 
defined  as  GERD  confirmed  by  upper  gastrointestinal  series  (UGIS)  and/or  endoscopy 
and/or 24‐hour pH‐metry within the first 2 years of life. For the follow‐up study we could 
not  locate 6 of  the 69 patients;  the  remaining 63 patients were  invited  for  a  follow‐up 
visit and completed a reflux questionnaire.243 Five patients declined to participate and 5 
other patients completed the questionnaire without visiting the outpatient clinic  (figure 
1). The study was approved by the medical ethical committees of both hospitals involved. 
Written informed consent was obtained from all patients and their parents or guardians.  
Retrospective study 
The  following  information  was  collected  from  the  patient  files:  gestational  age,  birth 
weight,  Apgar  score  after  5  minutes  (AS5),  associated  anomalies,  location  of  the 
diaphragmatic  defect  (left  versus  right),  preoperative  position  of  the  stomach 
(intrathoracic versus abdominal), type of surgical intervention (patch closure), duration of 
ventilation, symptoms suggestive of GERD (vomiting, feeding difficulties, failure to thrive), 
proven GERD (defined as GERD detected by UGIS, endoscopy, or 24‐hour pH‐metry), and 
treatment of GERD. All patients of the Rotterdam cohort underwent prospective analysis 
of GERD consisting of UGIS and pH‐metry within the first year after initial CDH repair.99 
Follow‐up study 
All 58 patients completed the standardized reflux questionnaire developed by Manterola 
et al.243 This questionnaire contains 7  items that constitute a score on the  frequency of 
common  (heartburn,  regurgitation  and  dysphagia)  and  uncommon  reflux  symptoms 
(chest pain, nocturnal cough, dysphonia and asthma) (table 1). With a maximum score of 
13,  a  cut‐off  point  of  3  has  been  shown  optimal  in  terms  of  sensitivity,  specificity  and 
positive  predictive  value  (>91%)  with  regard  to  the  presence  of  GERD.243  During  the 
follow‐up visit details of the medical history and use of medication, as well as height and 
weight,  were  obtained  from  53  patients.  Patients  scoring  4  or  more  points  on  the 
questionnaire  were  considered  suspected  of  GERD  and  were  offered  UGIS,  endoscopy 
with biopsies and pH‐metry. Esophagitis was graded endoscopically according to Hetzel & 
Dent and histologically according to the ESPGHAN criteria.244,245 With regard to pH‐metry, 
patients were considered  to have mild acid GERD when the  reflux  index  (percentage of 
recording time with pH <4) was 4‐10%; and pathological acid GERD when the reflux index 
was  ≥10%  or  with  nocturnal  episodes  of  acid  reflux.  For  the  appreciation  of  CDH  as  a 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causative  factor  with  respect  to  reflux  symptoms,  83  children  visiting  the  paediatric 
surgical  outpatient  clinic  in  Amsterdam  for  elective  non‐related  reasons  completed  the 
questionnaire as age‐matched controls.  
 
 Table 1. Items and score of the reflux questionnaire.243  
 
Item  Frequency  Score 
Heartburn   Daily  3 
At least once per week  2 
At least once per month  1 
 
Never  0 
Daily  3 
At least once per week  2 
At least once per month  1 
Regurgitation    
Never  0 
Yes  1 Dysphagia  
No  0 
Permanent  2 
Occasionally  1 
Chest pain  
Never  0 
Permanent  2 
Occasionally  1 
Nocturnal cough 
Never  0 
Yes  1 Dysphonia 
No  0 
Yes  1 Asthma  
No  0 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Figure 1. Enrollment of patients. A‐cohort: Amsterdam cohort; R‐cohort: Rotterdam cohort 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Statistical analysis 
Statistical  analysis  was  performed  using  the  independent  sample  t‐test  for  normally 
distributed continuous data. Non‐parametric tests were used for non normally distributed 
continuous  data.  The  Fisher  exact  test  and  the  χ²  test  were  used  for  comparing 
categorical data.238 Height and weight were expressed as standard deviation (SD) scores, 
calculated from Dutch reference values.246 Based on literature review we determined the 
following  variables  that  could  predict  the  development  of  early  GERD:  gestational  age, 
birth  weight,  AS5,  duration  of  ventilation,  location  of  hernia  (left  or  right),  position  of 
stomach  (intrathoracic  or  abdominal)  and  patch  closure.  After  calculating  odds  ratios 
(OR), multivariate  forward  logistic  regression was  performed  entering  all  variables  that 
had  a  p‐value  of  less  than  0.1  on  univariate  analysis.  For  the  definition  of  predictive 
factors  for  the  presence  of  late  GERD,  the  following  potentially  explanatory  variables 
were used  for analysis: patch closure,  intrathoracic position of  the stomach,  location of 
hernia,  duration  of  ventilation,  (proven)  GERD  in  history  and  SD  of  weight‐for‐height. 
Statistical significance was defined as p <0.05. SPSS 15.0 was used for data analyses. 
Results 
Early GERD 
Patients 
Medical records revealed information on the presence of early GERD in a total of 27 (40%) 
out of 67 patients who underwent diagnostic evaluation (2 patients unknown), although 
10  of  these  27  (37%)  had  no  symptoms  suggestive  of  GERD. On  the  other  hand,  in  11 
patients with early symptoms suggestive of GERD, diagnostic evaluation did not confirm 
the  diagnosis.  Diagnosis  of  GERD  was  confirmed  39  days  (median)  after  CDH  repair, 
earlier  in  the  Rotterdam  cohort  (23  days)  than  the  Amsterdam  cohort,  though  not 
significantly (65 days; p=0.18). There was 1 patient (from Amsterdam) in whom GERD was 
diagnosed  by  UGIS  only.  In  all  other  patients  GERD  was  diagnosed  by  endoscopy 
(according to the Hetzel & Dent criteria244) and/or pH‐metry. Twenty‐nine  infants  (43%) 
had  received medication  (prokinetics  and/or  acid  secretion  inhibitors)    for  early  GERD, 
with  a median  duration  of  61  days;  eventually  9  of  them  (31%)  underwent  anti‐reflux 
surgery  (Boerema  anterior  gastropexy,  3  patients;  Nissen  fundoplication,  6  patients),  3 
months (median; range 1‐27 months) after CDH repair. Significantly more patients in the 
Rotterdam cohort had proven early GERD as  compared  to  the Amsterdam cohort  (70% 
versus 20%; p<0.001). More Rotterdam patients underwent surgery for early GERD (21%) 
as  compared  to  Amsterdam  patients  (8%),  although  the  difference  was  not  significant 
(p=0.15). There were no statistical differences between the patients who did and who did 
not have early GERD in terms of sex, birth weight, AS5 and location of the defect. 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Predictors for early GERD 
There  was  a  negative  association  of  the  duration  of  ventilation  (16.5  vs.  7.0  days, 
p=0.004)  with  the  presence  of  early  GERD.  Patch  closure  and  intrathoracic  stomach 
position were significantly more common in CDH survivors with early GERD (OR 5.01, 95% 
confidence  interval  (CI)  1.72‐14.6  and OR  5.85,  95% CI  1.75‐19.6,  respectively)  (table  2 
and 3). Patients with intrathoracic stomach more frequently required patch closure (63% 
versus 31%; p=0.02). Multivariate regression analysis showed that only patch closure and 
intrathoracic  position  of  the  stomach were  independent  predictive  risk  factors  of  early 
GERD  (table  3).  AS5  was  not  included  in  the  multivariate  model  because  of  the  high 
number of missing values. 
 
Table 2. Patient  characteristics and comparison between patients with early GERD and without 
GERD and patients with and without high risk of late GERD (data concerning early GERD missing in 
2 patients). Figures indicate number of patients (percentages), unless otherwise stated.  
There were no significant differences between the Amsterdam and the Rotterdam cohort. 
 
  Early GERD  Late GERD 
  Yes 
N=27 
No 
n=40 
p  Yes 
n=9 
No  
n=49 
p 
Male  14 (52%)  26 (65%)  0.28  4 (44%)  27 (55%)  0.72 
Amsterdam cohort  8 (30%)  31 (78%)  <0.001  5 (56%)  29 (59%)  1.00 
Birth weight (mean ± 
SD) 
3008 ± 660  3223 ± 563  0.17  3026 ± 932  3230 ± 587  0.54 
Duration of ventilation 
(days, median) 
16.5  7.0  0.004  10.0  8.0  0.62 
Hospital stay (days, 
median) 
59.0  22.0  <0.001  24.5  25.0  0.81 
Right‐sided defect  2 (7%)  6 (15%)  1.00  2 (22%)  6 (12%)  0.60 
Patch closure  16 (59%)  9 (23%)  0.002  4 (44%)  32 (65%)  0.28 
Intrathoracic stomach  13/23 (59%)  6/33 (18%)  0.003  7 (78%)  28/40 (70%)  1.00 
SD score for height 
(mean ± SD) 
      ‐0.88±1.33  ‐0.25 ± 1.23  0.18 
SD score for weight‐
for‐height (mean ± SD) 
‐  ‐  ‐  ‐0.07±1.27  ‐0.46 ± 1.11  0.34 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Table 3. Results of univariate and multivariate analyses of early GERD  
 
  Univariate analysis  Multivariate analysis 
  OR  95% CI  p  OR  95% CI  p 
Gestational age  0.73  0.55‐0.97  0.03       
Birth weight  1.0  1.00‐1.001  1.0       
Duration of ventilation  1.06  1.02‐1.11  0.004       
Right‐sided hernia  0.45  0.08‐2.44  0.36       
Patch closure  5.01  1.72‐14.6  0.002  5.65  1.54‐20.75  0.009 
Intrathoracic stomach   5.85  1.75‐19.6  0.003  3.97  1.03‐15.26  0.045 
 
Late GERD 
Patients 
Comparison of the participants (n=58) with the non‐participants (n=11) of the follow‐up 
study did not  reveal  significant differences as  regards clinical parameters,  including sex, 
birth weight, gestational age, duration of ventilation, patch closure, location of the defect 
and position of the stomach (data not shown). Thirty‐four patients (59%) were from the 
Amsterdam  cohort.  There  were  no  statistically  significant  differences  between  the 
Amsterdam  and  the  Rotterdam  cohort.  At  follow‐up, mean  age  of  the  CDH  group was 
12.1 ± 3.4 years (mean ± SD; range 6‐17 years). The control group consisted of 52 males 
(63%)  and  31  females  (CDH  group:  55% males;  p=0.78) with  a mean  age  of  11.3  ±  2.6 
years  (p=0.14).  They  visited  the  pediatric  surgery  outpatient  clinic  for  the  following 
reasons: fracture (76%), control visit after appendectomy (4%), wound (7%), undescended 
testes  (4%),  pectus  excavatum  (2%),  anal  malformation  (1%),  inguinal  hernia  (1%), 
thyroglossal duct cyst  (1%), and visit of sibling (4%). None of the children  in the control 
group had an underlying disease with increased risk of GERD, or had a history of GERD, or 
used  medication  for  GERD.  None  of  the  CDH  patients  were  known  to  have  clinically 
assessed GERD or reported the use of anti‐reflux medication in the 3 years preceding the 
follow‐up visit. Twenty‐three of 56 patients (41%) (2 patients unknown) had had (proven) 
early  GERD,  defined  as  GERD  occurring  in  the  first  2  years  after  CDH  repair  (table  2). 
Twenty‐seven patients (47%) had received medication for GERD in the first 2 years of life. 
Median  duration  of  drug  treatment was  67  days;  9  of  them  (33%)  had  had  anti‐reflux 
surgery,  median  3  months  (range  1‐27  months)  after  CDH  repair.  In  the  reflux 
questionnaire,  the  median  Manterola  score  of  the  CDH  patients  was  1  point.  Nine 
patients (16%) scored 4 or more points  in the questionnaire,  indicating increased risk of 
GERD, and were seen  for  further diagnostic evaluation, 1 of whom (Manterola  score 5) 
refused further evaluation.  In 1 other patient  (Manterola score 4) the symptoms, which 
had  been  present  for  more  than  6  months,  resolved  spontaneously  shortly  after  the 
follow‐up visit, which led to cancellation of the diagnostic evaluation. Macroscopic lesions 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suggestive  of  Barrett’s  esophagus  were  seen  in  1  patient,  but  histology  did  not  show 
intestinal metaplasia (table 4).  
 
Table 4. Results of diagnostic evaluations of CDH patients with high GERD  risk. Esophagitis was 
graded endoscopically according to Hetzel & Dent244 and histologically according to the ESPGHAN 
criteria.245 
 
Patient  Manterola score  UGIS  Endoscopy  Histology  pH‐metry 
# 1  8  Not done  Gr I  Grade I A  Reflux index <4% 
# 2  8  Not done  Gr I  Grade I A  Reflux index <4% 
# 3  4  Not done  Gr 0  Grade I A  Nocturnal reflux episodes 
# 4  6  Reflux  ‐  ‐  Reflux index <4% 
# 5  4  Not done  Gr I (+ Barrett)   Grade I A   Nocturnal reflux episodes 
# 6  5  Not done  Gr III  Grade IC   Reflux index 14.9% 
# 7  4  Normal  ‐  ‐  ‐ 
 
 
Although  in 1 patient GERD was not confirmed, all 7 patients  responded well  to proton 
pump inhibitors. Two patients with proven GERD were from the Rotterdam cohort (vs 4 
patients from Amsterdam; p=1.00). In the control group the median Manterola score was 
1.0 points as well. Four out of 83 controls (5%; all had a fracture) had a score of 4 or more 
(maximum of 5 points),  indicating  increased risk of GERD. They were not evaluated any 
further. Significantly more CDH survivors had increased risk of GERD as compared to the 
healthy control group (16% versus 5%; p=0.03). 
Predictors for late GERD 
Univariate  analysis  did  not  show  potentially  independent  predictive  variables  for  the 
presence of late GERD (table 5). Since there was no p‐value ≤0.1, multivariate regression 
analysis was not performed. 
 
Table 5. Results of univariate analysis of late GERD 
 
  Univariate analysis 
  OR  95% CI  p 
Patch closure  0.43  0.10‐1.79  0.24 
Intrathoracic stomach   1.50  0.27‐8.30  0.64 
Right CDH  2.05  0.34‐12.25  0.43 
Duration of ventilation  1.01  0.97‐1.06   0.57 
Early GERD  2.78  0.59‐13.04  0.20 
SD score of weight‐for‐height   0.73  0.39‐1.39  0.34 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Discussion 
Retrospective analysis in 40% of patients born with high‐risk CDH revealed early GERD in 
the first 2 years after CDH repair. This percentage is similar to that in other retrospective 
studies  on  CDH  patients  treated with  and without  ECMO  (range  20‐72%).28,93,96,98‐101  In 
our study ECMO patients were excluded, which may have resulted in a (positive) selection 
bias,  as  ECMO  is  reported  to  increase  the  likelihood  of  GERD.28,101,137  Furthermore, we 
may have underestimated  the  incidence of  early GERD  in  the Amsterdam cohort  since, 
unlike  the  Rotterdam  cohort,  children  in  the  Amsterdam  cohort  underwent  further 
evaluation  only  in  case  of  GERD  related  symptoms.  We  identified  patch  closure  and 
intrathoracic position of the stomach as independent predictive factors for the presence 
of early GERD. Several authors have attempted to define clinical factors that may predict 
early GERD, but with equivocal results due to small sample sizes and the use of divergent 
definitions  of  GERD,  ranging  from  suggestive  symptoms  to  the  need  for  anti‐reflux 
surgery.99,101,107 To overcome this, we have chosen to use objective measures for GERD. 
Significant  correlations  have  been  reported  between  GERD  and  the  duration  of 
ventilation,102  preoperative  intrathoracic  position  of  the  stomach,96  patch  closure  and 
liver  in  chest.100,101,107,108  In  our  study,  however,  only  patch  closure  and  intrathoracic 
stomach  significantly  increased  the  OR  for  early  GERD.  This  suggests  that  the 
development of GERD may  to  some extent  be  related  to  the  size  of  the diaphragmatic 
defect  and  the  associated  pulmonary  hypoplasia.  It  has  been  hypothesised  that 
pulmonary hypoplasia associated with CDH precludes full expansion of one or both lungs 
after  CDH  repair  and  imposes  stronger  negative  pressure  during  inspiration  into  an 
enlarged  thoracic  compartment,  which  could  facilitate  GERD.97  Although  we  found 
duration  of  ventilation  to  be  associated  with  early  GERD,  it  was  not  an  independent 
determinant.  Duration  of  ventilation  might  be  related  to  the  severity  of  pulmonary 
hypoplasia, which would be  in  line with  the  suggested  role of pulmonary hypoplasia.  It 
has also been suggested that patch closure for CDH might diminish GERD by lowering the 
strain  on  the  diaphragmatic  crura  and  by  reduction  of  abdominal  pressure.96,107  This 
hypothesis is not supported by our data. The high incidence of early GERD in patients with 
intrathoracic  stomach  might  as  well  be  due  to  the  altered  anatomy  of  the  gastro‐
esophageal junction when the stomach is positioned in the chest. In combination with the 
lack of  intra‐abdominal esophageal  segment and widening of  the angle of His,  this may 
predispose to GERD.96 On the other hand, patients with intrathoracic stomach are more 
likely to require a diaphragmatic patch. Indeed, multivariate analysis showed that the OR 
for intrathoracic stomach decreased when corrected for patch closure. Long‐term follow‐
up of CDH patients revealed an  increased risk of  late GERD.  In our cross‐sectional study 
we  found  that  6‐18  years  after  initial  CDH  repair  16%  of  the  patients  had  symptoms 
suggestive  of  GERD,  significantly  more  than  in  the  control  group.  In  78%  of  the  CDH 
patients  with  symptoms  suggestive  of  GERD,  the  diagnosis  was  confirmed  by  further 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diagnostic  evaluation.  In  none  of  them GERD  had  been  suspected  or  diagnosed  in  the 
previous  years. All  patients of  the Rotterdam cohort underwent prospective analysis of 
GERD  within  the  first  years  of  life,  however  we  did  not  find  any  differences  in  the 
incidence of  late GERD between patients  from Rotterdam and Amsterdam. This  implies 
that  early  screening  for  GERD  and  subsequently  treatment  does  not  protect  for  future 
GERD. The 16% incidence we found is lower than the incidences found by others, ranging 
from 33  to  54%.93,102,247,248  Vanamo et  al.  found an  incidence of  late GERD of  54%  in  a 
heterogeneous  group  of  severely  (high‐risk  CDH)  and  less  severely  affected  patients 
(diaphragmatic  eventration).  It was  not  documented,  however, whether  these  patients 
were  already  known with  GERD  or  had  anti‐reflux  surgery  in  the  past.102 Most  studies 
included only 9‐25 patients,93,247,248 with a maximum age of 10 years.93,248 In general there 
is  poor  correlation  between  the  presence  of  symptoms  suggestive  of  GERD  and  the 
presence  of  GERD  as  proven  by  objective measures.  The  absence  of  clinical  symptoms 
does  not  preclude  the  presence  of  increased  acid  reflux  or  esophagitis,  and  vice 
versa.93,102 Many patients may be unaware that the symptoms they experience since long, 
are  not  unavoidable  sequelae  of  the  repaired  CDH,  but  due  to  GERD,  a  treatable 
condition. We noticed this phenomenon also in our patients. For instance, 1 patient with 
moderate GERD‐related  symptoms  for  years was  endoscopically  shown  to  have Barrett 
esophagus, a highly significant finding, also reported in the literature.102 We are aware of 
the fact that we may have missed patients with GERD without clinical symptoms of GERD, 
therefore prospective analysis of all patients is recommended as is nowadays frequently 
performed.249  We  were  not  able  to  identify  predictive  factors  for  late  GERD.  Unlike 
Fasching et al., who found severe GERD in all 3 examined patients with a patch plasty,93 
we found no effect of patch closure on late GERD. Despite the fact that we have included 
a higher number of patients than most previous studies, the group still is relatively small. 
This  may  have  resulted  in  false‐negative  findings,  as  reflected  in  the  wide  confidence 
interval for OR in the regression analysis. Another potential limitation of this study is the 
fact that we used a questionnaire that has been validated for adults but not specifically in 
(older) children. At present there is no validated questionnaire for GERD in older children 
and  adolescents.  We  used  this  questionnaire  as  a  first  indicator  for  GERD.  As 
approximately all patients with a persistent high score (i.e. persistent symptoms) indeed 
had  GERD  on  further  evaluation,  the  specificity  of  this  questionnaire  appears  to  be 
adequate.  In  addition,  1  of  the  items  of  the  questionnaire  is  asthma.  Theoretically  this 
could  result  in  an  overestimation  of  GERD,  since many  CDH  patients  have  asthma‐like 
symptoms.69  Only  2  of  the  9  patients  with  a  Manterola  score  ≥  4,  however,  scored 
positive  for  asthma.  Both  patients  also  had  frequent  symptoms  of  heartburn  and 
regurgitation. Finally,  it should be realised that with the development of new treatment 
strategies  for CDH,  survival  rate  increases, which might  influence  the pattern of  clinical 
problems.  ECMO  only  became  available  from  1993.  Over  the  years  survival  for  CDH 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improved significantly  reaching over 80%  in  the  last 3 years.250 As a consequence many 
more severely affected newborns survive,  in many cases  in need of patch repair due to 
the near absence of the hemidiaphragm. The incidence of GERD will even be higher in the 
present survivors underlining the increased significance of a routine evaluation of GERD in 
this  particular  group  of  patients.  In  this  study  there  were,  however,  no  relevant 
differences  in  our  group  between  children  born  early  in  our  study  period  and  children 
born  later  on.  In  conclusion,  we  demonstrated  that  increased  risk  for  early  GERD  is 
present  in  CDH  patients  requiring  patch  closure  and  with  intrathoracic  position  of  the 
stomach.  Furthermore,  late  GERD  is  present  in  a  substantial  number  of  CDH  patients. 
Predictive factors for late GERD (6‐18 years after CDH repair) could not be identified and 
screening for early GERD does not protect for future GERD. We feel, therefore, that CDH 
survivors  should  undergo  routine  assessment  with  active  emphasis  on  GERD‐related 
symptoms,  also  on  the  longer  term.  It  is  not  recommended  by  the  AAP  guidelines  to 
perform  standard  investigations  for  GERD  in  CDH  patients,251  but  it  should  be  realised 
that not all CDH patients with GERD are symptomatic. A long‐term prospective study,  in 
which all CDH patients are subject to standard investigations, is needed to provide more 
precise data of  the exact  incidence of  late GERD  in CDH patients and  to prevent GERD‐
related complications such as Barrett esophagus and esophageal carcinoma. 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Abstract  
Objective: To assess psychological and social functioning and health‐related quality of life 
and its early determinants in children born with congenital diaphragmatic hernia (CDH).  
Design: Cross‐sectional follow‐up study. 
Setting: Outpatient clinic of a tertiary care hospital. 
Participants: 33 CDH survivors aged 6–16 years. 
Main exposure: Patients who developed CDH associated respiratory distress within 24 h 
after birth.  
Main outcome measure: Psychological and social functioning assessed with the Wechsler 
Intelligence Scale for Children (WISC‐R), Bourdon‐Vos test, Beery Developmental Test of 
Visual Motor Integration, Child Behavior Checklist (CBCL) and Teacher Report Form (TRF), 
and health‐related quality of life assessed with the Child Health Questionnaire (CHQ) and 
Health Utilities Index (HUI). 
Results: Normal mean  (SD)  total  IQ  (100.0  (13.2))  and normal  visual‐motor  integration, 
but  significantly  lower  results  for  sustained  attention  (Bourdon‐Vos  test,  38.8  (11.2) 
points) were found. Learning difficulties were reported by 30% of parents. Eight children 
had  scores  in  the  clinical  range  on  the  CBCL  and/or  TRF,  indicating  clinically  significant 
behavioral  problems.  Except  for  the  CHQ  scale  General  Health,  health  status  was  not 
different from the reference population. No significant correlations between test results 
and severity of CDH were found, except for an association of general health and physical 
functioning with length of hospital stay. 
Conclusion:  CDH  patients  are  at  risk  for  subtle  cognitive  and  behavioral  problems, 
probably not related to CDH severity. Perception of general health is reduced compared 
to the reference population, indicating that CDH survivors and their parents believe their 
health is poor and likely to get worse. 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Introduction 
Congenital diaphragmatic hernia (CDH) is a life threatening anomaly with a mortality rate 
ranging  from  10%  to  50%,  depending  on  case  selection.1‐3  Long‐term  follow‐up  studies 
have  shown  that  patients  born  with  high  risk  CDH  (i.e.  patients  who  develop  CDH 
associated  respiratory  distress  within  the  first  day  of  life)  experience  significant  CDH 
associated complications including respiratory problems, gastroesophageal reflux disease, 
nutritional  problems  and  growth  retardation.60,62,69,102  The  first  days  of  life  of  a  CDH 
patient are a critical period in which the child is at risk of developing neurological damage 
from hypoxia, hypercapnia and acidosis due to the combination of pulmonary hypoplasia 
and  pulmonary  hypertension.118 Most  follow‐up  studies  are  limited  to  the  first  5  years 
after  CDH  repair  and  include  a  heterogeneous  group of  CDH patients  treated with  and 
without extracorporeal membrane oxygenation (ECMO). Neurological morbidity has been 
reported  in  10–30%  of  these  patients.123‐128  CDH  patients  are  predisposed  to  several 
factors,  such  as  perinatal  and  postnatal  hypoxia,  hypercapnia  and  acidosis,  that  can 
interfere with  central  nervous  system  development  and  serious  problems  in  long‐term 
psychosocial  functioning  and  behavior  can  be  expected.33,118,130,131,252  Due  to  high  co‐
morbidity, health‐related quality of life in a significant proportion of CDH patients may be 
compromised. However, little is known about the impact of long‐term health problems on 
the overall health‐related quality of  life of  these patients. Only 2  studies have assessed 
health‐related  quality  of  life  in  CDH  survivors,  and  they  suggest  a  favourable  health‐
related quality of life for the majority of patients.73,151 The primary objective of this study 
was  therefore  to assess  cognitive, behavioral  and psychological outcome as well  as  the 
health‐related quality of life of children not treated with ECMO 6–16 years after surgical 
repair of high risk CDH. The secondary objective was to investigate whether the neonatal 
characteristics  of  CDH were  related  to  severity  of  cognitive  deficits  and  health‐related 
quality of life. 
Methods 
Patients 
All patients born with high risk CDH (CDH associated respiratory distress within the first 
day  of  life)  referred  to  the  Pediatric  Surgical  Centre  of  Amsterdam  between  1987  and 
1999 were  considered eligible.  The patient’s history was  reviewed,  in particular  several 
perinatal  and  postnatal  variables,  through  the  use  of  standardised  forms.  Ethics 
permission  for  the  study was  granted  by  the  local  ethics  committee. Written  informed 
consent  was  obtained  from  all  patients  and  their  parents  or  guardians  prior  to 
participation. Eighty‐five children born with CDH were  referred  to  the Pediatric Surgical 
Centre of Amsterdam. Thirty‐three patients died. Eleven patients were excluded because 
of  late  CDH.  To  prevent  confounding,  CDH  patients  treated with  ECMO were  excluded 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(n=1). Of the remaining 40 high risk CDH patients, 33 (83%) agreed to participate (fig. 1), 
while  4  refused  to  participate  because  of  lack  of  time.  There  were  no  significant 
differences between the basic characteristics of participants and non‐participants  (table 
1). 
 
Figure  1.  Exclusion  and  enrollment  of  patients.  Eleven  patients  had  a  late  presenting  CDH  and 
were therefore excluded. One patient was excluded because of ECMO treatment. 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Table  1.  Comparison  of  participating  and  non‐participating  CDH  survivors.  No  significant 
differences  were  observed.  Numbers  indicate  numbers  of  patients,  except  age  at  follow‐up, 
gestational  age,  ventilation  and  length  of  stay.  Variables  are  expressed  as  mean  ±  SD  unless 
otherwise stated. Cardiac abnormalities were diagnosed in the neonatal period and included atrial 
septal defect, ventricular septal defect or a combination. All patients with neurologic deficits had 
a  (motor)  developmental  delay  in  the  first  2  years  of  life.  GERD  was  demonstrated  by 
gastrointestinal X‐ray series, pH‐metry and/or endoscopy in the first 2 years after CDH repair. 
AS: Apgar score; GERD: gastro‐esophageal reflux disease; LOS: length of stay 
 
  Participating 
(n=33) 
Not participating  
(n=7) 
p‐value 
Male  21 (64%)  3 (43%)  0.41 
Age at follow‐up (years)  10.2 ± 3.3  11.4 ± 3.6  0.63 
Gestational age (weeks)  38.9 ± 2.0  40.1 ± 1.6  0.16 
AS 5 minute ≤ 5  6 (18%)  1 (14%)  1.00 
Left sided CDH  28 (85%)  7 (100%)  0.55 
Ventilation (days)  15.3 ± 15.0  12.3 ± 8.7  0.96 
LOS hospital (median days)  24  27  0.77 
LOS ICU (median days)  13.5  12.5  0.53 
GERD  7 (21%)  2 (29%)  1.00 
Cardiac abnormalities  11 (33%)  4 (57%)  0.22 
Neurologic deficits  9 (27%)  1 (14%)  0.66 
Recurrent CDH  2 (6%)  0 (0%)  1.00 
 
 
Study design 
Patients  who  gave  informed  consent  visited  the  outpatient  clinic,  where  a  detailed 
medical  history  and  information  concerning  school  and  school  performance  were 
obtained. Neurocognitive  functioning was assessed with  the Wechsler  Intelligence Scale 
for Children Revised  for  the Netherlands  (WISC‐R),  the Bourdon‐Vos  test and  the Beery 
Developmental Test of Visual Motor Integration (Beery VMI). Behavior was assessed with 
the Child Behavior Checklist (CBCL). Health‐related quality of  life and health status were 
assessed with the Child Health Questionnaire (CHQ) and the Health Utilities Index 3 (HUI‐
3). In order to create optimal conditions, all tests were performed in the morning and all 
children were tested by the same experienced child psychologist.  
Neurocognitive functioning 
WISC‐R 
The WISC‐R  is  the Dutch version of  the Wechsler  Intelligence Scale  for Children‐Revised 
and  yields  3  IQs:  full  scale,  verbal  and  performance  IQ.  The  test  has  Dutch  norms, 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standardised with a mean (SD) of 100 (15) for all 3 IQ scores and is validated for the Dutch 
population.253 
Bourdon‐Vos test 
Selective  attention was  assessed with  the Bourdon‐Vos  test.  This  paper‐and pencil  test 
measures  sustained  selective  attention  and  concentration  in  terms  of  speed  and 
accuracy.254 The validity,  sensitivity and reliability of  the Bourdon‐Vos test appear  to be 
highly acceptable.255 
Beery VMI test 
The Beery VMI test is a paper‐and‐pencil test for children aged 3–18 years and measures 
integration of visual perceptual and motor abilities.256 The test has proven to be valid and 
reliable.257  The  computed  raw  item  scores  are  transformed  into  standard  scores  (T‐
scores). 
Behavior 
CBCL 
The  CBCL  comprises  a  parent  form  and  a  teacher  report  form  (TRF)  and  contains  120 
items which are scored on a 3‐point scale  (0=not true, 1=somewhat or sometimes true, 
2=very  or  often  true)  and was  completed  by  the mother.  A  total  problem  score  and  2 
broad‐band  groupings  were  scored:  an  internalising  grouping  containing  items  such  as 
withdrawn behavior, somatic complaints without physical cause, and anxious‐depressed 
feelings and an externalising grouping containing items such as aggressive and delinquent 
behavior.  All  scores  were  converted  into  T‐scores.  The  CBCL  has  a  Dutch  version  with 
Dutch norms with good reliability and validity. Teachers completed the teacher’s report 
form (TRF) which is a teacher version of the CBCL. For the CBCL and the TRF, proportions 
of children with scores in the normal and the clinical range are given. Total T‐scores >63 
classify  children  in  the  clinically  significant  range  (upper  10%  of  population  norm 
groups).258 
Health‐related quality of life and health status 
Child Health Questionnaire 
Health related quality of life was assessed using the CHQ‐PF50 (for parents) and the CHQ‐
CF87  (for children >10 years of age).259 The CHQ‐PF50 consists of 50 and the CHQ‐CF87 
consists of 87 items. Following the standard procedure, scale item scores were summed 
and transformed into scale values 0 (worst possible health state) and 100 (best possible 
health  state).  The  following  item scales were  calculated: Physical  Functioning  (PF), Role 
Functioning Emotional/Behavior  (REB), Role Functioning Physical  (RFP), Bodily Pain  (BP), 
General Behavior (GB), Mental Health (MH), Self Esteem (SE), General Health perceptions 
(GH), Parental Impact: Emotional (PIE), Parental Impact: Time (PIT), Family Activities (FA), 
Family Cohesion  (FC).260,261 Results of  the CHQ‐PF50 and  the CHQ‐CF87 were compared 
with norm scores based on a representative sample of 353 Dutch schoolchildren aged 5–
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13 years260 and norm scores based on a sample of 475 Dutch adolescents,261 respectively, 
using the unpaired t‐test. In order to indicate clinical relevance of statistically significant 
differences,  Cohen’s  effect  sizes  were  calculated.  Effect  sizes  (d)  were  calculated  as 
follows: [mean (a) ‐ mean (b)]/largest standard deviation. According to Cohen, effect sizes 
between 0.2 and 0.5 indicate a small effect, an effect size between 0.5 and 0.8 indicates a 
moderate effect, and effect sizes of 0.8 or larger are considered to be a large effect.262 
HUI‐3 
The HUI‐3  is a generic multi‐attribute health status classification system, consisting of 8 
attributes. Each attribute consists of 5  to 6  levels  representing  the range of  functioning 
from normal  (1)  to  severely  impaired  (5 or 6). Attributes  forming  the HUI‐3  system are 
vision (1‐6), hearing (1‐6), speech (1‐5), ambulation (1‐6), dexterity  (1‐6), emotion (1‐5), 
cognition (1‐6), and pain (1‐5). Single‐attribute utility scores and overall utility scores on a 
dead‐perfect health  scale were  calculated using  the  single  attribute utility  function and 
the HUI‐3 multi‐attribute utility function respectively, as described by Feeny.263 
Statistical analysis 
The  unpaired  t‐test  was  used  for  normally  distributed  continuous  data  and  non‐
parametric  tests  for  non‐normally  distributed  continuous data.  The  Fisher  exact  test  or 
the  χ²‐test  was  used  for  comparing  categorical  data.  Test  results  were  compared  with 
population norms using  the one  sample  t‐test.  Bonferroni  correction was performed  in 
order  to  correct  for  multiple  testing.  We  used  the  following  independent  variables, 
estimating  the  severity  of  the  CDH,  that  could  predict  psychological  test  results  and 
health‐related quality of  life  (dependent  variables):  length of  stay  in  the hospital  (LOS), 
Apgar  score  after  5  min  (AS5),  duration  of  ventilation  and  use  of  a  patch.  After  an 
univariate  regression  analysis  was  carried  out,  multivariate  regression  analysis  was 
performed  entering  all  independent  variables  that  had  a  p‐value  of  less  than  0.1  on 
univariate  analysis.  This  was  done  only  for  the  dependent  variables  psychological  test 
results  and  CHQ  item  scales with  significant  differences  between  the  study  population 
and  the  reference population or when  there was a  trend  towards  significance  (p <0.1). 
Statistical  significance was  reached when p  <0.05. All  procedures were performed with 
SPSS 15.0. 
Results 
Patients 
The mean  (SD) gestational  age of  the participants was 38.9  (2.0) weeks.  Three  children 
were born before or at a gestational age of 36 weeks (1 at 32 weeks, 1 at 34 weeks and 1 
at 36 weeks). Twenty one (64%) of the participants were male. CDH repair was performed 
1.8  (SD  2.3)  days  (median  1  day;  range  0–12  days)  after  birth.  All  patients  reported  to 
have  neurological  abnormalities  had  a mild  (motor)  developmental  delay  in  the  first  2 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years of  life. One patient was discharged with oxygen and needed  it  for 3 months after 
discharge  due  to  persistent  pulmonary  hypertension.  Mean  (SD)  age  at  follow‐up  was 
10.2 (3.3) years (table 1). 
Neurocognitive and school functioning and behavior 
The majority of the participants (61%) attended primary school and 9 children (27%) went 
to secondary school. Four children (12%) required special educational services. Learning 
problems were reported by the parents of 10 children (30%). 
WISC‐R 
Thirty of 33 patients completed the WISC‐R (table 2). One patient had already performed 
the test at school, but the results were not complete and could not be used. Two children 
did  not  complete  the  test  because  of  concentration  failure  and  visual  incapacity, 
respectively. Four children had a total IQ that was significantly lower than the Dutch norm 
score (<‐1 SD). 
 
Table  2.  Results  of  the  WISC‐R.  95%  confidence  intervals  (CI)  were  calculated.  No  significant 
differences were found when compared to the norm score. 
 
WISC‐R  Score (mean ± SD)  95% CI 
n=30     Lower bound  Upper bound 
Total verbal IQ    99.5 ± 14.0  94.3  104.8 
Total performance IQ  100.6 ± 14.5  95.2  106.0 
Total IQ  100.0 ± 13.2  95.0  104.9 
 
 
Bourdon‐Vos test 
The same two children who did not complete the WISC‐R did not complete the Bourdon‐
Vos test either and for the same reasons. The mean (SD) score was significantly lower in 
CDH  patients  when  compared  to  population  norms  (38.8  ±  11.2  points;  95%  CI  of  the 
difference: ‐15.4 to ‐27.11; p<0.001). The difference remained significant after Bonferroni 
correction. Twelve children (39%) had a score at or below ‐1 SD. 
Beery VMI test 
All patients completed the Beery VMI test. Mean (SD) score was 47.8 ± 10.9 (95% CI of the 
difference:  ‐6.00  to 1.70; p=0.26); no  significant difference was  found  compared  to  the 
mean population norm group scores. 
CBCL 
Twenty‐eight mothers and 24 teachers of 28 children completed the CBCL and/or TRF. In 
5 children no CBCL or TRF was returned. Responders and non‐responders did not differ as 
regards the peri‐ and postnatal variables mentioned in table 1. Six CDH patients (21%) had 
total problem scores in the clinical range on the CBCL, which is significantly more than the 
expected  10%  of  the  reference  population  (χ²;  p=0.003)258  (table  3).  There  were  no 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differences between patients in the normal and in the clinical range of the CBCL for Apgar 
score after 5 min, LOS or duration of ventilation. 
 
Table 3. Results of the CBCL. 95% confidence intervals (CI) of the difference with norm scores of 
the mother  and  teacher  (both  50  ±  10) were  calculated. No  significant  differences were  found 
when compared to the norm score. 
 
  Mother (CBCL) 
(n=28) 
Teacher (TRF) 
(n=24) 
CBCL‐score  N (%) T‐score ≥ 63  95% CI 
difference 
N (%) T‐score ≥ 63  95% CI 
difference 
Total problem score  6 (21%)  ‐3.6 ± 6.0  3 (13%)  ‐2.4 ± 8.6 
Internalizing problem score  6 (21%)  ‐3.1 ± 6.5  5 (21%)  ‐2.2 ± 9.4 
Externalizing problem score  3 (11%)  ‐5.6 ± 2.9  2 (8%)  ‐3.6 ± 7.8 
 
Health‐related quality of life 
Child Health Questionnaire 
Parents of all 33 children completed the CHQ‐PF50 (table 4). Only  (Cohen’s) effect sizes 
for general health perceptions were 0.87 indicating a large effect on this domain (fig 2). 
Sixteen of 17 children completed the CHQ‐CF87 and 1 patient refused (table 4). 
HUI‐3 
The  parents  of  all  33  patients  completed  the  HUI‐3  questionnaire.  Only  cognition  was 
significantly lower in the CDH group. Vision was lower in CDH survivors, although this was 
not significant (table 5).  
Explaining outcome based on neonatal characteristics  
In linear regression analysis associations were found only for the domain General Health 
Perceptions  and  the  domain  Physical  Functioning  of  the  CHQ‐CF87.  General  Health 
perceptions  decreases  0.12  points  for  every  day  the  child  stayed  in  hospital  (constant 
92.70; R2=0.259), and Physical Functioning decreased 0.06 points for every day the child 
stayed  in  hospital  (constant  95.42;  R2=0.799)  when  corrected  for  AS5,  duration  of 
ventilation and use of a patch for closure of CDH. 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Table 4. Results of the CHQ‐PF50 and the CHQ‐CF87 compared to reference populations (mean ± 
SD). *reference population from Raat et al,260 **reference population from Raat et al.261 
CHQ‐PF50  CDH patients     
(n=33) 
Reference 
population* (n=353) 
p   Effect size 
Physical Functioning  93.4 ± 15.3  99.1 ± 4.3  <0.001  0.37 
Role Functioning: 
Emotional/Behavior 
98.6 ± 4.7  97.9 ± 7.2  0.58  0.10 
Role Functioning: Physical  99.5 ± 3.0  95.8 ± 15.6  0.18  0.24 
Bodily Pain  90.6 ± 14.4  85.7 ± 17.2  0.11  0.29 
General Behavior  80.7 ± 12.6  78.5 ± 13.1  0.35  0.17 
Mental Health  79.5 ± 15.4  81.4 ± 12.1  0.41  0.12 
Self Esteem  77.7 ± 11.4  79.2 ± 11.0  0.47  0.13 
General Health perceptions  66.4 ± 19.0  82.9 ± 13.4  <0.001  0.87 
Parental Impact: Emotional  77.3 ± 24.1  86.3 ± 15.2  0.002  0.37 
Parental Impact: Time  93.1 ± 18.5  94.0 ± 13.0  0.70  0.05 
Family Activities  89.1 ± 17.1  91.5 ± 11.9  0.28  0.14 
Family Cohesion  72.5 ± 18.6  72.2 ± 19.4  0.93  0.02 
Physical Summary score  53.3 ± 6.7  56.4 ± 5.7  0.003  0.46 
PsychosocialSsummary score  52.8 ± 7.2  53.2 ± 6.4   0.73  0.06 
CHQ‐CF87  CDH patients     
(n=16) 
Reference population 
(n=475)** 
p  Effect size 
Physical Functioning  92.8 ± 8.6  96.0 ± 6.9  0.07  0.37 
Role Social limitations: 
Emotional/Behavior 
91.3 ± 15.0  89.4 ± 17.2  0.66  0.11 
Role Functioning: Physical  91.7 ± 14.9  95.0 ± 12.9  0.31  0.22 
Bodily Pain  80.0 ± 16.7  73.5 ± 22.7  0.06  0.29 
General Behavior  79.7 ± 7.4  80.9 ± 10.6  0.66  0.11 
Mental Health  80.6 ± 7.4  76.5 ± 15.4  0.29  0.26 
Self Esteem  80.5 ± 12.0  74.7 ± 12.2  0.06  0.47 
General Health perceptions  63.7 ± 18.5  73.5 ± 16.5  0.02  0.53 
Family Activities  87.5 ± 13.7  80.0 ± 17.7  0.09  0.42 
Family Cohesion  78.4 ± 21.0  70.6 ± 23.5  0.19  0.33 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Figure  2.  Effect  sizes  of  all  item  scales  of  the  CHQ‐CF87  and  the  CHQ‐PF50.  PF:  Physical 
Functioning; REB: Role Functioning Emotional/Behavior; RFP: Role Functioning Physical; BP: Bodily 
Pain; GB: General Behavior; MH: Mental Health; SE: Self Esteem; GH: General Health perceptions; 
PIE:  Parental  Impact  Emotional;  PIT:  Parental  Impact  Time;  FA:  Family  Activities;  FC:  Family 
Cohesion. 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Table 5. Results of  the HUI. The HUI‐3 multi‐attribute utility score  (u)  is calculated according  to 
the  following  formula: u=1.371  (b1xb2xb3xb4xb5xb6xb7xb8)–0.371.  The  letter b  represents  the 
single attribute utility score for a specific attribute at a specific functional level.263 
* reference population from Raat et al.264 
 
Attribute  Single attribute utility scores (mean ± SD)  p   
  CDH patients  n=33  Reference  population 
n=1435* 
 
Vision  0.981 ± 0.050  0.994 ± 0.038  0.05 
Hearing  1.000 ± 0.000  0.996 ± 0.037  0.58 
Speech  0.964 ± 0.092  0.971 ± 0.082  0.58 
Ambulation  1.000 ± 0.000  0.998 ± 0.036  0.70 
Dexterity  0.995 ± 0.031  0.999 ± 0.022  0.36 
Emotion  0.984 ± 0.035  0.977 ± 0.067  0.57 
Cognition  0.938 ± 0.112  0.970 ± 0.090  0.04 
Pain  0.986 ± 0.045  0.976 ± 0.076  0.43 
  Multi attribute utility score (mean ± SD)  p 
  CDH patients  Reference population   
  0.906 ± 0.133   0.929 ± 0.124  0.29 
 
 
Discussion 
In general, we found subtle cognitive problems  in patients 6–16 years after CDH repair. 
Although CDH patients had a normal level of cognitive functioning, since mean IQ scores 
were comparable to the healthy population, the Bourdon‐Vos test showed a significantly 
lower  score  in  CDH patients,  implying  CDH  survivors might  be  at  risk  for  attention  and 
concentration  deficits.  Although  mean  behavior  problem  scores  were  comparable  to 
reference  norms,  it  was  remarkable  that  20%  of  the  CDH  patients  (versus  10%  of  the 
Dutch  general  population)  appeared  to have  clinically  relevant behavioral  problems.  So 
far  only  a  few  studies  have  reported  on  the  long‐term  cognitive  development  of  CDH 
patients  not  treated  with  ECMO  (roughly  50%  of  the  high  risk  CDH  patients  are  not 
treated with ECMO) and most of these studies describe children with a maximum age of 
only 4 years.25,26,118 Bouman et al  studied a small  sample of CDH survivors  (11 patients, 
aged  8–12  years)  with  comparable  patient  characteristics  and  found  a mean  IQ  of  85, 
while  almost  half  of  the  children  obtained  IQ  scores  around  or more  than  1  SD  below 
normal.  The  discrepancy might  be  due  to  the  small  sample  size,  which may  also  have 
resulted  in  a  potential  selection  bias.131  However,  despite  our,  on  average,  good  test 
results,  it has  to be noted  that participation of CDH patients  in  special education  (12%) 
was more frequent than in the general Dutch population (4%),73,151 compatible with the 
lower HUI single attribute score on cognition, suggesting that CDH patients learn and/or 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remember  school  work  more  slowly  than  classmates  and  sometimes  require  special 
education.  It has been suggested  that neurological abnormalities  in CDH patients might 
(also) be due  to CDH  repair,  since  surgery  induces  a  significant  inflammatory  response, 
which may  provoke  cerebral white matter  injury. White matter  injury, which  has  been 
described in infants asphyxiated at term as well as in CDH patients33,121,265, might result in 
cognitive  impairment.266  In  addition,  children  who  underwent  surgery  in  the  neonatal 
period because of esophageal atresia,  imperforate anus or abdominal wall defects, had 
more  learning, emotional and behavioral problems,220,267,268  implying that surgery  in the 
neonatal period might play a  role.  In  this  study approximately one  fifth of  the mothers 
and  the  teachers  of  CDH  survivors  reported  significant  emotional  and  behavioral 
problems, especially  in  the  internalising broad‐band grouping. Sub‐analysis showed that 
according  to  their  mothers,  most  children  had  a  deviant  score  on  the  item  somatic 
complaints without a physical cause. A possible explanation is that parenting a child with 
a  potentially  life‐threatening  congenital  anomaly  is  stressful,  since  follow‐up  studies  of 
children with other serious congenital anomalies (e.g., esophageal atresia, abdominal wall 
defects)  also  have  also  found  increased  levels  of  emotional  and  behavioral 
problems.220,268 However, this does not explain the relatively high incidence of problems 
in  the  internalising  broad‐band  grouping  reported  by  teachers. We  found  that  health‐
related quality of life was lower than in other studies.73,151 CDH patients gave themselves 
a  higher  CHQ  score  than  their  parents. Whereas  CDH  survivors  only  rated  the  domain 
General  Health  perceptions  significantly  lower  than  the  general  population,  parents  of 
CDH patients also documented a lower Physical Functioning, General Health and Physical 
Summary score for their child, but with rather small effect sizes. An explanation could be 
that  CDH  patients  tend  to  underestimate  their  physical  complaints  and might  not  fully 
comprehend  their  limitations.  Another  possibility  may  be  that  the  way  CDH  patients 
experience  themselves  reflects  a  self‐defensive  adaptation  style.  Except  for  2  CHQ 
domains  (General  Health  perceptions  and  Physical  Functioning)  and  length  of  hospital 
stay, we did not find a correlation between test results and estimation of severity of CDH. 
This could be due to the relative small sample size. Furthermore, we defined a selected 
group of variables with most relevant clinical information to be included in the univariate 
and multivariate  analysis. We may  have missed  associations  of  perinatal  variables  that 
could not be established unequivocally, such as using the best oxygenation index on day 1 
to  represent  hypoxemia  rather  than  Apgar  scores.  Our  cohort  had  similar  neonatal 
characteristics compared to those survivors who did not participate. We therefore  infer 
that  the  results  from  our  cohort  are  generalizable  to  the  group  of  CDH  patients  that 
present with early respiratory symptoms (i.e., high‐risk CDH patients). We recognize that, 
despite comparing our data with norm scores based on a healthy reference population, a 
control  group  is  preferable.  Another  limitation  is  the  broad  age  range  of  the  studied 
patients  and,  as  stated  above,  the  relatively  small  sample  size  (although  larger  than  in 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most other reports), which is almost inevitable due to the relatively low incidence of CDH 
and  the  high  mortality.  Furthermore,  we  are  aware  that  assessment  of  health‐related 
quality of  life  in children can be difficult, especially  for  the younger children who might 
have  problems  with  abstract  concepts  and  language.  In  summary,  our  study 
demonstrated that, 6–16 years after repair, the perception of the general health of CDH 
survivors is reduced when compared to the reference population, indicating that parents 
as well as CDH survivors themselves believe their health is poor and likely to get worse. 
CDH patients may be at risk for behavioral problems, which is not related to estimation of 
severity  of  CDH.  This  may  contribute  to  school  failure  and  the  need  for  special 
educational  services.  In  contrast with other  studies, we did not  find evidence of  severe 
cognitive deficits. This underscores the fact  that a  long‐term prospective cross‐sectional 
follow‐up study, with a standardized test battery particularly of cognitive  functioning,  is 
mandatory in all CDH patients. 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Abstract 
Background 
Long‐term  impairment  of  pulmonary  function  in  esophageal  atresia  (EA)  patients  is 
commonly  ascribed  to  gastro‐esophageal  reflux  disease  (GERD).  The  objective  of  this 
study  was  to  examine  independent  effects  of  the  underlying  condition  and  GERD  on 
cardiopulmonary function.  
Methods 
Cardiopulmonary  function  of  EA  patients,  who  had  (severe)  GERD  requiring  anti‐reflux 
surgery  (EA/GERD,  n=11)  and  EA  patients  who  did  not  have  (severe)  GERD  (group  EA, 
n=20) were compared with control patients without EA but with  isolated (severe) GERD 
requiring anti‐reflux surgery (group GERD, n=13). All patients performed spirometry, lung 
volume measurements, measurement of diffusion capacity and maximal cardiopulmonary 
exercise testing (CPET). 
Results 
Mean age of the participants was 13.8 ± 2.7 (group EA/GERD), 13.2 ± 2.9 (group EA) and 
14.7  ±  1.5  years  (group  GERD).  Pulmonary  function  parameters  were  lower  in  group 
EA/GERD when  compared  to  group  EA. Group  EA/GERD  and  EA  had  significantly  lower 
pulmonary  function  parameters  when  compared  to  group  GERD.  Cardiopulmonary 
exercise parameters were similar in all groups. 
Conclusions 
EA  patients  with  and  without  (severe)  GERD  had  more  restrictive  lung  function 
impairment than patients without EA but with (severe) GERD. This difference may be due 
to several causes, including thoracotomy. The differences between EA patients with and 
without (severe) GERD were not significant, suggesting only a minor role GERD. 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Introduction 
Esophageal atresia (EA) with or without a tracheo‐esophageal fistula (TEF) is a congenital 
anomaly affecting 1 in 2400 to 4500 newborns.152,153 The most common variant is EA with 
a distal TEF (type C). Other types are isolated EA without a fistula (type A) and EA with a 
proximal  fistula  (type  B).154  Many  patients  have  associated  congenital  malformations. 
Since the first successful primary repair in 1941 by Haight and Towsley, there has been a 
dramatic improvement of survival,160 due to improved neonatal care, which has resulted 
in an increased awareness of long‐term complications of EA. Many EA patients experience 
respiratory  problems  due  to  recurrent  pneumonia,  EA  associated  tracheomalacia  (TM) 
and gastro‐esophageal reflux disease (GERD).164 Pulmonary function studies have shown 
obstructive  impairment  in  10‐70%  of  the  patients,162,169,180,181,184  while  18‐36%  had 
restrictive  impairment.169,181  It  has  been  suggested  that  prolonged  micro‐aspiration  of 
gastric contents in the first years of life may cause chronic pulmonary inflammation and 
fibrosis.169  Surgical  complications  such  as  pleural  scarring  from  empyema  after 
anastomotic rupture and multiple thoracotomies may  lead to restrictive  lung disease.169 
Data  concerning  maximal  exercise  capacity  in  EA  patients  are  lacking,  only  one  study 
including 8 EA patients has been published, in which a reduced physical fitness, expressed 
in exercise duration and V’O2,max, was found.
184 EA patients with a history of GERD were 
more likely to have pulmonary function abnormalities and many authors have suggested 
that  GERD  in  the  first  years  after  EA  repair  may  play  a  major  role  in  EA  associated 
pulmonary pathology.169,181,269‐271 The purpose of this study was to assess the influence of 
GERD on pulmonary function and exercise capacity in a group of patients aged 8‐18 years, 
who  had  undergone  neonatal  surgical  repair  of  esophageal  atresia. We  categorized  EA 
patients  who  had  (severe)  GERD  in  two  groups:  those  who  had  undergone  anti‐reflux 
surgery  and  those  who  had  not.  In  order  to  examine  the  effect  of  EA  and  its  surgical 
treatment on cardiopulmonary function we compared these 2 groups to a control group 
consisting  of  otherwise  healthy  patients  who  had  undergone  an  anti‐reflux  procedure 
because  of  (severe)  isolated  GERD.  We  hypothesized  that  pulmonary  function  of  EA 
patients with  (severe)  GERD  requiring  anti‐reflux  surgery  is  comparable  to  that  control 
patients  without  EA  but  with  (severe)  GERD  requiring  anti‐reflux  surgery.  EA  patients 
without (severe) GERD were expected to have better lung function than EA patients with 
(severe) GERD. 
Methods 
Patients 
All patients born with esophageal atresia type B or type C treated by thoracotomy at the 
Pediatric Surgical Centre of Amsterdam between 1988 and 1997 were considered eligible, 
as  they  had  an  age  above  8  year  at  the  time  of  the  study  which  was  necessary  for 
adequately  performing  lung  function  tests  and  CPET.  EA  patients  were  divided  in  2 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groups: EA patients who had (severe) GERD requiring anti‐reflux surgery (group EA/GERD) 
and  EA  patients  who  had  not  undergone  anti‐reflux  surgery  (group  EA),  they  were 
considered to have had mild GERD. The control group (GERD) consisted of patients, born 
between 1988 and 1997, without EA but with (severe) isolated GERD requiring anti‐reflux 
surgery. All children underwent a Boerema anterior gastropexy, which was the standard 
anti‐reflux procedure at that time. The following exclusion criteria were used:  incapable 
to  follow  study  instructions,  physically  not  able  to  perform  the  tests,  (partial) 
pneumonectomy, severe non‐EA related disease (e.g. bronchopulmonary dysplasia, cystic 
fibrosis  etc),  cardiac  surgery,  chromosomal  anomaly,  prematurity  (≤  34  weeks). 
Indications  for  anti‐reflux  surgery  were  based  on  clinical  findings  in  combination  with 
results of diagnostic studies (upper gastrointestinal series, pH‐studies and/or endoscopy). 
The patient’s history was reviewed with specific attention to birth weight, gestational age, 
type of atresia, associated malformations, length of stay in the hospital (LOS), duration of 
ventilation, gastro‐esophageal reflux disease (GERD) and surgical complications including 
pleural  injury  (as  reported  by  the  surgeon  in  the  operative  report).  The  local  Ethics 
Committee  approved  the  study protocol. Written  informed  consent was obtained  from 
each patient and their parent(s) prior to participation. 
Study design 
In  patients  who  gave  informed  consent  a  detailed  medical  history  and  information 
concerning  respiratory  complaints  and physical performance were obtained. Pulmonary 
function  testing  included  spirometry,  lung  volume measurements  and measurement  of 
diffusion capacity followed by cardiopulmonary exercise testing (CPET). All measurements 
were performed by experienced respiratory lab technicians according to the guidelines of 
the European Respiratory Society.226 
Pulmonary function 
Subjects  performed  standard  spirometry  and  lung  volume  measurements.226  All 
medication was discontinued 24 hours prior to testing. Forced expiratory volume (FEV1), 
forced  vital  capacity  (FVC),  maximum midexpiratory  flow  (MMEF)  and  peak  expiratory 
flow (PEF) were determined from the  largest of 3 reproducible maneuvers using a mass 
flow sensor  (Vmax 229, Sensormedics, Yorba Linda, CA, USA).  Spirometry was  repeated 
after  inhalation  of  4x100  μg  of  salbutamol  doseaerosol  by  metered  dose  inhaler  to 
evaluate reversibility of potential bronchial obstruction and in order to prevent exercise‐
induced bronchoconstriction. A change of the FEV1 ≥12%, expressed as percentage of the 
predicted value, was considered as a significant response.226 Lung volume measurements 
were  carried  out  after  bronchodilation.  Functional  residual  capacity  (FRC),  total  lung 
capacity  (TLC)  and  residual  volume  (RV)  were  determined  by  whole  body 
plethysmography. The mean of 3 reproducible maneuvers was used for analysis. Diffusion 
capacity for carbon monoxide (D’L,CO ) was measured by the single breath method using 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a  multigasanalazyer  (Sensor Medics)  in  combination  with  the mass  flow  sensor  (Vmax 
229, Sensormedics, Yorba Linda, CA, USA). Mean value of 2 measurements was used to 
determine D’L,CO , alveolar volume (VA) and D’L,CO corrected for VA (KCO). Results of the 
spirometry and the lung volume measurements were expressed as z‐scores calculated as 
the  difference  between  the  observed  and  the  predicted  value  divided  by  the  standard 
deviation for normal reference values.228,239,272 RV/TLC ratio was expressed as percentage. 
Cardiopulmonary exercise testing 
Maximal  exercise  capacity  was  assessed  using  the  Bruce  treadmill  test.  The  Bruce  test 
protocol  calls  for  3  minute  stages  of  increasing  belt  speed  and  percent  grade  on  a 
treadmill (Marquette, 2000 treadmill).230 Children were always tested in the presence of 
their  parent(s).  Each  patient  was  allowed  to  familiarise  with  the mouth  piece  and  the 
treadmill enabled by starting every test with 3 minutes of rest. Each child was urged to 
continue to the point of severe fatigue. Heart rate and oxygen saturation were monitored 
by  finger  pulse  oximetry.  Parameters  measured  during  CPET  were  minute  ventilation 
(V’E), oxygen uptake (V’O2,max), oxygen pulse (O2‐pulse; i.e. oxygen uptake divided by the 
heart  rate),  respiratory  quotient  (RQ),  ratio  of  ventilation  to  CO2  output  (V’E,CO2), 
respiratory rate and duration of the exercise test. Respiratory gases were monitored on a 
breath‐by‐breath  basis  using  a  flow  sensor  (Vmax  229,  Sensormedics,  Yorba  Linda,  CA, 
USA). The CPET was considered adequate  if 1 or more of  the  following conditions were 
achieved:  at  least  80% of    the maximal predicted heart  rate  (determined as  220 minus 
age),  RQ  >1.0  for  1  minute  or  exhaustion  of  the  subject.231  The  V’O2,max  and  the 
V’O2,max/kg were expressed as z‐scores calculated from reference values.
232 
Statistical analysis 
Statistical  analysis  was  performed  using  the  unpaired  t‐test  for  normally  distributed 
continuous data. Non parametric tests were used for non normally distributed continuous 
data. The Fisher exact test or the Chi‐square were used for comparing categorical data. To 
compare  the  3  groups  of  patients  linear  regression  analysis  was  used  with  pulmonary 
function  parameters  and  CPET  results  as  dependent  variables.  The  following  variables 
were added as potential confounders  to the model  for pulmonary  function parameters: 
atopy (defined as having eczema and allergic rhinitis), parental smoking and family history 
of asthma (1st degree relatives). For  the CPET results we corrected  for  the  frequency of 
sport  practise  besides  the other  variables mentioned  above.  Statistical  significance was 
defined as p <0.05. SPSS 15.0 was used for data analysis. 
Chapter 6 
94 
Results 
Patient characteristics 
Esophageal atresia 
Eighty‐four patients were treated for esophageal atresia  in the Pediatric Surgical Centre 
of Amsterdam between 1988 and 1997. One patient died at the age of 3 years. Twenty‐
nine patients were excluded for the following reasons: prematurity (n=18), type E atresia 
(n=4), severe mental retardation (n=1), cardiac surgery (n=3), spinal tethered cord (n=1), 
severe pulmonary  infections  (n=1) and paralysis of  the recurrent nerve  (n=1). Of  the 54 
eligible EA patients 33 agreed to participate. Ten patients refused, 9 patients could not be 
contacted and 2 patients had emigrated. Two of the 33 patients gave consent but did not 
show up (figure 1). A comparison of the basic characteristics of 31 participating patients 
with  those who were  did  not  participate  did  not  show  significant  differences  (table  1). 
Twenty‐nine participants (94%) had a type C atresia, 1 had a type A (3%) and 1 a type B 
atresia  (3%).  All  patients  underwent  thoracotomy  for  EA  repair.  Fourteen  participants 
(45%)  had  at  least  1  congenital  anomaly  including  a  cardiac  anomaly  (5  patients), 
imperforate  anus  (5  patients),  limb  anomalies  (2  patients)  and  renal  anomalies  (2 
patients).  Participants  with  a  cardiac  anomaly  had  a  patent  ductus  arteriosus  with  an 
atrial  septal  defect  (n=3)  or  without  an  atrial  septal  defect  (n=2).  Since  their  cardiac 
situation had been stabile for years, none of them were seen by a pediatric cardiologist. 
Clinically relevant tracheomalacia was diagnosed in 4 participants (13%) by bronchoscopy. 
Two  of  them  underwent  aortopexy.  In  14  participants  (45%)  GERD  had  been 
demonstrated in the first 4 years after EA repair by upper gastro‐ intestinal series (UGI), 
pH‐metry  and/or  endoscopy.  Eleven  patients  (35%)  underwent  a  Boerema  anterior 
gastropexy (EA/GERD group) 18 ± 15 months after birth (range 1‐70 months) (table 2). At 
the  time  of  the  study  none  of  these  patients  was  treated  for  current  GERD.  EA 
participants  (with  and without  surgically  treated  GERD)  who  had  current  symptoms  of 
tracheomalacia had significantly more respiratory infections (1.3 vs 2.8x/yr; p=0.002) and 
episodes  of  bronchitis  (0.0  vs  1.4x/yr;  p=0.001)  than  EA  patients  who  had  not.  Six  EA 
patients (27% in EA/GERD group vs 14% in EA group; p=0.41) had current gastrointestinal 
symptoms  such  as  heartburn  and  regurgitation.  None  of  the  patients  used  anti‐reflux 
medication. At follow‐up none of the patients had a scoliosis.  
Control group 
An age matched control group was recruited from 46 GERD patients who were operated 
in  the  Pediatric  Surgical  Centre  of  Amsterdam  for  isolated  (severe) GERD. Of  these,  16 
could not be located and of the 30 remaining patients 17 refused to participate. Hence 13 
patients  otherwise  healthy  controls  were  included.  None  of  the  patients  had  current 
gastrointestinal symptoms. 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Figure 1. Enrollment of patients 
  
 
 
 
Table 1. Comparison of basic characteristics of participants and non‐participants with esophageal 
atresia. LOS: Length of stay hospital 
 
  Participants 
n=31 
Non‐participants 
n=23  
p‐value 
Male  14 (45%)  13 (57%)  0.58 
Birth weight (mean ± SD)  2910 ± 455  2824 ± 591  0.55 
Gestational  age  (median 
weeks) 
39.5   40   0.46 
LOS (median days)  15  21  0.11 
Congenital anomalies  14 (45%)  9 (39%)  0.59 
Pleural injury  9 (29%)  9 (39%)  0.38 
Anti‐reflux surgery  11 (35%)  7 (30%)  0.78 
Tracheomalacia  4 (13%)  1 (4%)  0.59 
Respiratory illness (5 yrs)  13 (42%)  8 (35%)  0.78 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Table 2. Patient characteristics and results of the follow‐up visit. 
Group EA/GERD (I): EA patients with surgically treated GERD; Group EA (II): EA patients without 
surgically treated GERD; Group GERD (III): GERD patients who had anti‐reflux surgery. Bronchitis 
was defined as a an episode of productive  cough  lasting  for more  than 5 days.  Tracheomalacia 
was defined as persistent barking cough. 
 
  Group 
EA/GERD 
(I)  
n=11 
Group EA 
(II) 
n=20 
Group 
GERD (III) 
n=13 
p‐value 
        I vs II  I vs III  II vs III 
Age at follow‐up (mean 
years ± SD) 
13.8 ± 2.7  13.2 ± 2.9  14.7 ± 1.5  0.55  0.33  0.051 
Male  7 (64%)  7 (35%)  11 (85%)  0.15  0.36  0.10 
LOS (median days)  18  15  12  0.03  0.001  0.002 
Pleural injury  3 (30%)  6 (30%)  ‐  1.00  ‐  ‐ 
Postoperative leakage  0  0  ‐  1.00  ‐  ‐ 
Recurrent fistula  0  0  ‐  1.00  ‐  ‐ 
Tracheomalacia  7 (64%)  14 (70%)  ‐  0.12  ‐  ‐ 
Congenital anomalies  7 (64%)  8 (40%)  ‐  0.27  ‐  ‐ 
Age at anti‐reflux surgery 
(median months) 
7  ‐  11  ‐  0.19  ‐ 
Pulmonary medication  2 (18%)  5 (25%)  2 (15%)  1.0  1.00  0.68 
Poor exercise tolerance  0 (0%)  2 (10%)  1 (8%)  0.53  1.00  1.00 
Dyspnea during exercise  1 (9%)  5 (25%)  2 (15%)  0.38  1.00  0.68 
Sport practise x/wk (mean ± 
SD)  
2.5 ± 1.6  2.4 ± 1.7  2.5 ± 1.3  0.90  0.65  0.19 
Daily coughing  1 (9%)  2 (10%)  0 (0%)  1.0  0.46  0.51 
Wheezing  2 (18%)  7 (35%)  2 (15%)  0.43  1.00  0.26 
Respiratory infections/year 
(mean ± SD 
2.5 ± 1.9  2.2 ± 1.3  1.5 ± 1.9  0.74  0.25  0.21 
Bronchitis/year (mean ± SD)  1.6 ± 2.0  0.6 ± 1.0  0.2 ± 0.6  0.15  0.06  0.31 
 
Pulmonary function 
In  1  EA  patient  pulmonary  function was  not  assessed  because  of  a  serious  respiratory 
infection at  follow‐up visit.  Spirometry and  lung volume measurements of 4 patients  (3 
with  EA)  could  not  be  reproduced  despite  detailed  instructions  and  were  therefore 
excluded  from  analysis.  All  pulmonary  function  results  were  normally  distributed.  Five 
patients  (1  group  EA;  4  group  EA/GERD)  had  an  obstructive  impairment  (z‐score 
FEV1/FVC<‐1.64),  none  of  the  patients  responded  adequately  to  bronchodilation  (i.e. 
improvement  of  FEV1  ≥12%)  (table  3).  EA  patients  (with  and without  surgically  treated 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GERD) who have had pleural injury or a postoperative pneumonia had comparable results 
for TLC (pleural injury: TLC z‐score ‐0.73 vs ‐0.70; p=0.91; postoperative pneumonia: TLC 
z‐score  ‐0.79  vs  ‐0.34;  p=0.35).  EA  patients  with  and  without  current  gastrointestinal 
symptoms had similar lung function. The differences we found remained significant after 
adjustment for potential confounders in regression analysis. 
Exercise Capacity 
Three patients did not perform CPET because of serious respiratory  infection at  time of 
follow‐up  (n=1,  group  EA)  and  technical  problems  (n=2;  group  EA/GERD)  respectively. 
Forty‐one patients underwent CPET, 38 patients achieved maximal exercise defined as a 
predicted heart rate >80% and/or RQ >1.00 during 1 minute. Results of 3 patients were 
excluded from analysis, because they had to stop preliminary and did therefore not reach 
the level of maximal exercise: in two patients (both group EA) this was due to painful legs 
and  in 1 patient (group EA/GERD) this was due to shortness of breath. FEV1/FVC before 
and  after BD and MMEF before  and  after BD were  significantly  lower  in  the 6 patients 
that did not perform or not complete the CPET. None of the children desaturated during 
exercise. Reliable exercise data could be obtained in 38 patients and showed that only 1 
patient  (group EA) had an abnormally  low V’O2,max  score  (<‐1.96), probably because of 
airway  obstruction  (FEV1/FVC  z‐score  ‐2.14).  V’O2,max  and  V’O2,max/kg  were  similar  in 
group  EA/GERD,  EA  and  GERD  (table  4)  when  corrected  for  atopy,  asthma  family  (1st 
grade), parental smoking habits and frequency of sport practise. 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Table  4.  Results  of  the  CPET.  Numbers  are  expressed  as  mean  ±  SD.  Group  EA/GERD  (I):  EA 
patients with surgically treated GERD; Group EA (II): EA patients without surgically treated GERD; 
Group GERD (III): GERD patients who had anti‐reflux surgery. 
 
Parameter  Group EA/GERD 
(I) 
n=8 
Group EA (II)  
n= 17 
Group  GERD 
(III) 
n=13 
p‐value 
  Mean ± SD  Mean ± SD  Mean ± SD  I vs II  I vs III  II vs III 
Heart rate max  
(% predicted) 
  95.4 ± 4.3    94.1 ± 4.5    94.0 ± 5.0  0.51  0.53  0.99 
Respiratory rate 
 (x/min) 
  48.1 ± 10.4    48.6 ± 7.7    47.8 ± 7.6  0.90  0.94  0.30 
Respiratory Quotient    1.09 ± 0.07    1.11 ± 0.08    1.12 ± 0.05  0.56  0.33  0.66 
V’E max (L/min)    76.5 ± 24.7    65.3 ± 16.1**    92.6 ± 5.3**  0.20  0.08  <0.001 
z‐score V’O2,max    0.46 ± 1.86   ‐0.27 ± 1.60**    0.73±1.14**  0.34  0.68  0.05 
z‐score V’O2,max/kg    0.54 ± 0.96   ‐0.08 ± 1.68   ‐0.07 ± 1.32  0.34  0.70  0.96 
O2‐pulse (% 
predicted) 
116.3 ± 19.2  109.9 ± 18.1  114.4 ± 13.6  0.44  0.81  0.42 
V’E,CO2    26.9 ± 3.3    28.9 ± 2.3    27.9 ± 3.0  0.09  0.46  0.22 
Stc,O2  (%)    95.8 ± 2.7    96.7 ± 1.9    96.0 ± 1.7  0.33  0.80  0.40 
 
 
Discussion 
We found mild to moderate pulmonary function abnormalities in EA patients. Results of 
the CPET were normal and similar for all groups after correction for potential confounders 
e.g.  atopy,  parental  smoking  and  family  history  of  asthma.  Previous  studies  of  lung 
function  in EA patients have demonstrated obstructive  impairment  in 10‐70% of  the EA 
patients  and  many  studies  document  a  relation  between  obstructive  impairment  and 
GERD  in  the  early  years  after  EA  repair.162,180‐182  The  largest  study,  from Chetcuti  et  al, 
described 154 patients born with EA, and found a significantly lower FEV1 and FEF50% in EA 
patients with early radiological proven GERD in comparison to EA patients without GERD 
6‐37  years  after  EA  repair.169  In  contrast we  did  not  find  obstructive  impairment  in  EA 
patients with (severe) GERD. The lower values for FEV1 and MMEF we found, were most 
likely due to relative restrictive impairment since the reduction in FVC was proportionally 
greater  than  that  in FEV1. Almost all patients had a TLC within normal  range, but mean 
TLC  was  significantly  lower  in  EA  patients  (with  and  without  (severe)  GERD)  when 
compared  to  isolated  GERD  controls.  In  the  literature  in  18‐36%  of  the  EA  patients 
restrictive pulmonary function was seen, especially when EA patients had GERD.169,181 In 
our  study,  differences  between  EA  patients  with  and  without  surgically  treated  GERD 
were  not  significant,  suggesting  a  minor  role  for  GERD.  In  addition  anti‐reflux  surgery 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could have a protective effect if it avoids long‐term damage from GERD. There are several 
hypotheses concerning  relative  restrictive  lung  function  impairment  in EA. First of all,  it 
could  result  from  suboptimal  lung  growth  in  the  early  years  of  life  due  to  recurrent 
infection.162 This might be due to an  ineffective cough technique due to tracheomalacia 
resulting  in  recurrent  pneumonia.167  Furthermore  recurrent  (micro‐)aspiration  due  to 
GERD  in  the  first  years  after  EA  repair  may  contribute  to  early  epithelial  damage  and 
consequently  increased  risk  for  infection.  Together  this  may  result  in  impaired  lung 
growth.  Since  isolated  GERD  patients  have  less  episodes  of  bronchitis  and  normal 
pulmonary function parameters, EA‐associated factors such as tracheomalacia may play a 
more  prominent  role  than  GERD  itself.  Secondly,  it  has  been  suggested  that  pleural 
scarring  from  empyema  after  anastomotic  rupture  may  lead  to  mild  restrictive 
disease.144,169  In  our  group  of  EA  patients  we  did  not  find  a  relation  between 
postoperative  pneumonia  and  restrictive  impairment.  Thirdly,  previous  research  has 
suggested  a  correlation  between  scoliosis,  which  is  more  common  in  EA,273  and 
pulmonary  impairment.274  However  in  our  study  none  of  the  patients  had  a  scoliosis. 
Fourthly,  thoracotomy  itself  may  also  result  in  restrictive  impairment.  It  has  been 
demonstrated  in  adolescent  scoliosis  patients  that  thoracoscopic  approach  causes  a 
smaller  decline  in  pulmonary  function  1  year  after  surgery  in  comparison  to  the more 
invasive technique of open thoracotomy.275 Thoracoscopic approach to treatment of EA is 
becoming increasingly accepted. Long‐term effects regarding pulmonary function are not 
described  yet,  but  are  expected  to  be  less  than  in  the  open  technique.183  We 
hypothesized  that  patients with  EA  and  (severe) GERD would  have  a  reduced  diffusion 
capacity  and  V’O2,max  when  compared  to  EA  patients  without  (severe)  GERD,  since 
prolonged micro‐aspiration of gastric acid  in the airways and potentially  into the alveoli 
may  cause  chronic  pulmonary  inflammation  and  pulmonary  fibrosis.234  It  has  been 
documented that adult patients with severe GERD have a reduced level of D’L,CO and KCO 
compared  to  patients  without  GERD.234  We  did  not  find  evidence  for  damage  of  the 
alveolar membrane  and  subsequent  gas  exchange  impairment  reflected  by  the  normal 
diffusion capacity, since almost all patients achieved maximal exercise and V’O2,max was 
similar for all groups after correction for confounders. Mean z‐scores for V’O2,max, D’L,CO 
and KCO were approximately 0,  indicating that our patients are probably comparable to 
the  healthy  population.  Our  results  therefore  do  not  concord  with  Zaccara  et  al  who 
reported a reduced exercise capacity in EA patients. This could probably be attributed to 
a  lower degree of physical  fitness since almost all patients  in  the study of Zaccara et al 
reported  reduced  level  of  physical  activity  generally  because  of  parental  anxiety  and  a 
strict Italian law that regulates sports activities.184 The respiratory symptoms we observed 
are  common  after  EA  repair.162,164  Daily  functioning  does  not  seem  affected  since 
frequency  of  sport  practise  and  exercise‐related  symptoms  did  not  differ  between  EA 
patients and GERD patients. Except for 3 EA patients, all patients practised sports at the 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same  level as  their peers. This might be due to  the willingness of EA patients  to accept 
symptoms that they assume are due to the congenital abnormality as well as the fact that 
many patients have been living with airway pathology since birth and might therefore not 
fully apprehend their respiratory limitations. We are aware that a major limitation of this 
study is the small sample size. This could result in the inability to demonstrate differences 
e.g.  in  pulmonary  function  between  groups.  It  was  expected  that many  GERD  controls 
could  not  be  traced  because  the  majority  of  these  patients  did  not  receive  medical 
treatment  for  many  years.  Despite  a  clear  informed  consent  letter  the  willingness  of 
GERD controls to participate was low, probably because most GERD controls felt healthy 
for many  years  and  therefore might  lack motivation.  Another  limitation  is  the  possible 
positive  selection  of  CPET  participants,  since  non‐CPET  participants  had  reduced 
pulmonary function parameters. This is the first study that compares lung function of EA 
patients  with  patients  who  had  severe  isolated  GERD  in  history.  EA  patients  with  and 
without (severe) GERD had mild relative restrictive impairment when compared to GERD 
controls.  Since  GERD  controls  did  not  have  any  pulmonary  function  impairment,  other 
factors  such  as  tracheomalacia  or  thoracotomy might  play  a more  important  role. We 
speculate  that  EA  patients  undergoing  thoracoscopic  repair  of  EA  will  have  reduced 
restrictive  pulmonary  function  impairment  in  comparison  to  patients  undergoing  a 
thoracotomy. To improve pulmonary outcome in EA patients further research comparing 
both treatment modalities is recommended. 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Abstract 
Aim: Following surgical correction in the neonatal period, patients born with esophageal 
atresia  have  significant  co‐morbidity,  particularly  in  childhood.  This  study  evaluates 
health‐related quality of life and its determinants such as concomitant anomalies and the 
presence  of  respiratory  and⁄or  gastro‐intestinal  symptoms  6–18  years  after  repair  of 
esophageal atresia. 
Methods:  Parents  of  24  patients  with  esophageal  atresia  completed  the  child  health 
questionnaire  for  parents  and  37  patients  completed  the  child  form.  Gastro‐intestinal 
symptoms were assessed by a validated standardized reflux questionnaire. Results were 
compared with a healthy reference population. 
Results: Parents as well as patients themselves scored significantly lower on the domain 
General  Health  perception.  According  to  parents,  General  Health  perception  was 
negatively  affected  by  age  at  follow‐up  and  concomitant  anomalies.  Patients  reported 
that reflux symptoms reduced General Health perception. 
Conclusion:  In  this  first  study  describing  health‐related  quality  of  life  in  children  and 
adolescents born with esophageal atresia, we demonstrated that General Health remains 
impaired  because  of  a  high  incidence  of  concomitant  anomalies  and  gastro‐intestinal 
symptoms in patients with esophageal atresia when compared with the healthy reference 
population. 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Introduction 
Esophageal atresia (EA) with or without a tracheo‐esophageal fistula (TEF) is a congenital 
anomaly  affecting  1  in  2400–4500  newborns.152,153  Except  for  pure  esophageal  atresia, 
most  children  born with  EA  undergo  surgical  repair  (end‐to‐end  anastomosis)  within  a 
few days after birth. Congenital malformations have been reported in up to 65% of the EA 
patients. Congenital heart anomalies are the most common; other associated anomalies 
include  musculoskeletal  anomalies,  central  nervous  system  abnormalities,  renal 
anomalies, anal atresia (VACTERL‐association) and chromosomal anomalies such as Down 
syndrome.155,156 Since the first successful primary repair of EA and TEF in 1941 by Haight 
and  Towsley,  there  has  been  a  dramatic  improvement  in  survival  of  infants  with  this 
condition,160 which has resulted in an increased awareness of long‐term complications of 
EA.  In  follow‐up  studies  of  EA  patients,  many  complications  have  been  recognized 
including pulmonary symptoms, tracheomalacia, gastro‐esophageal reflux disease (GERD) 
and  disordered  esophageal  motility.155,169,171,186,199  Approximately  25%  of  the  patients 
have an anastomotic stricture of the esophagus requiring multiple esophageal dilatations, 
most commonly in the first decade of life.179 Numerous patients have to avoid particular 
foods,  such  as meat,  apple  and  bread  that might  become  lodged  in  the  esophagus.214 
Furthermore,  as  many  as  50%  of  the  EA  patients  will  be  hospitalized  with  respiratory 
illness, most commonly in the early childhood,164 which may have a huge impact on the 
child  and  the  parents.  There  are  only  a  few  studies  that  have  used  standardized 
questionnaires  to  assess  health‐related  quality  of  life  (HR‐QoL)  of  EA  survivors  and  all 
studies include only adult EA patients.218,221,222,276,277 No differences in the overall physical 
and  mental  health  between  EA  patients  and  healthy  subjects  were  described,  but  EA 
patients reported worse results for the domains General Health and the domain Vitality. 
As expected, patients with concomitant congenital anomalies reported a lower quality of 
life,  although  only  in  the  domain  “Digestion”.221  Furthermore,  patients  reporting 
dysphagia had significantly lower scores on the domain General Health and standardized 
physical component on the SF‐36.276 So far, HR‐QoL of children and⁄or adolescents born 
with  EA  has  not  been  described.  We  hypothesized  that  as  patients  with  EA  have  a 
significant  persistent  co‐morbidity  particularly  in  childhood,  HR‐QoL  in  that  period  is 
substantially affected. The first aim of our study was to investigate the HR‐QoL 6–18 years 
after correction of EA. Our second aim was to study whether the presence of concomitant 
anomalies  was  related  to  the  HR‐QoL.  The  third  aim  was  to  investigate  whether  the 
presence of current respiratory and⁄or gastro‐intestinal symptoms affects the HR‐QoL of 
EA patients. 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Methods 
Patients 
All  patients  born  with  esophageal  atresia  referred  to  the  Pediatric  Surgical  Centre  of 
Amsterdam  between  1988  and  1997  were  considered  eligible.  As  cooperation  of  the 
patients was required  for simultaneous assessment of pulmonary  function and maximal 
exercise tests, age of all participating patients had to be ≥ 8 years. Patients were excluded 
when  they  were  not  able  to  self‐report  their  HR‐QoL,  not  able  to  communicate 
adequately  or  when  they  had  a  chromosomal  anomaly.  The  patient’s  history  was 
reviewed with  specific attention  to  type of atresia,154 associated malformations  such as 
imperforate anus and cardiac anomalies,  length of stay in the hospital (LOS) and gastro‐
esophageal  reflux  disease  (GERD).  The  local  Ethics  Committee  approved  the  study 
protocol.  Written  informed  consent  was  obtained  from  each  patient  and  parent(s)  or 
guardian(s)  prior  to  enrollment.  In  patients  who  gave  informed  consent,  a  detailed 
medical history including current feeding difficulties (e.g. dysphagia or lodging of food in 
the  esophagus)  and  respiratory  symptoms  was  obtained.  Gastro‐intestinal  symptoms 
were scored according to Manterola et al.,243 which is based on a validated questionnaire 
containing  7  items  for  structured  scoring  of  common  GERD  symptom  frequency 
(heartburn,  regurgitation  and  dysphagia)  and  uncommon  GERD  symptom  frequency 
(chest pain, nocturnal cough, dysphonia and asthma) (table 1). Patients scoring 4 or more 
points are suspected of GERD. 
Health‐related quality of life 
Health‐related  quality  of  life was  assessed  using  the  CHQ‐PF50  (for  parents  of  children 
≤13  years)  and  the  CHQ‐CF87  (for  children  ≥10  years).259  The  CHQ‐PF50  consists  of  50 
items divided over 11 multi‐item scales and two single‐item questions. Each scale consists 
of  3–6  items.  The CHQ‐CF87  consists  of  87  items each with  4,  5  or  6  response options 
divided over 10 multi‐item sub‐scales and 2 single‐item questions. Following the standard 
procedure,  the  scale  item  scores  were  summed  and  transformed  into  scale  values  0 
(worst  possible  health  state)  and  100  (best  possible  health  state).  The  following  item 
scales  were  calculated:  Physical  Functioning  (PF),  Role  Functioning  Emotional⁄Behavior 
(REB),  Role  Functioning  Physical  (RP),  Bodily  Pain  (BP),  General  Behavior  (BE),  Mental 
Health  (MH),  Self  Esteem  (SE),  General  Health  perceptions  (GH),  Family  Activities  (FA), 
Family  Cohesion  (FC).260,278  For  the  CHQ‐PF50  Parental  Impact:  Emotional  (PE)  and 
Parental  Impact  Time  (PT)  scales  and  Physical  and  Psychosocial  Summary  scales  were 
calculated.  The  CHQ‐CF87  scales  “Role  Functioning‐Emotional”  and  “Role  Functioning 
Behavioral” were combined into the single scale of Role Functioning Emotional⁄Behavior 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Table 1. Scale and score of the reflux questionnaire according to Manterola et al.243 
 
Item  Frequency  Score 
Heartburn   Daily  3 
At least once per week  2 
At least once per month  1 
 
Never  1 
Daily  3 
At least once per week  2 
At least once per month  1 
Regurgitation  
Never  0 
Yes  1 Dysphagia  
No  0 
Permanent  2 
Occasionally  1 
Chest pain  
Never  0 
Permanent  2 
Occasionally  1 
Nocturnal Cough 
Never  0 
Yes  1 Dysphonia 
No  0 
Yes  1 Asthma  
No  0 
 
 
(REB).  Results  of  the  CHQ‐PF50  were  compared  with  norm  scores  based  on  a 
representative sample of 353 Dutch schoolchildren aged 5–13 years and the results of the 
CHQ‐CF87 were compared with norm scores based on a sample of 475 Dutch adolescents 
using  the unpaired t‐test.260,261 To signify  the clinical  relevance of statistically significant 
differences,  Cohen’s  effect  sizes  were  calculated.  Effect  sizes  (d)  were  calculated  as 
follows:  [mean(a)–mean(b)]⁄largest Standard Deviation. According to Cohen, effect sizes 
between 0.2 and 0.5 indicate a small effect, an effect size between 0.5 and 0.8 indicates a 
moderate  effect,  whereas  effect  sizes  of  0.8  or  larger  are  considered  to  be  a  large 
effect.262 All questionnaires were sent by mail with an explanation on how to complete 
them.  Furthermore,  parents  were  called  to  reassure  that  the  children  had  to  answer 
independently. 
Statistical analysis 
Statistical  analysis  was  performed  using  the  unpaired  t‐test  for  normally  distributed 
continuous data. Non parametric tests were used for non normally distributed continuous 
data. The Fisher exact test or the Chi‐square was used for comparing categorical data. On 
the  basis  of  literature  we  determined  the  following  variables  that  could  predict  the 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health‐related quality of life: age at follow‐up, concomitant congenital anomalies (0, 1, 2 
or  more  anomalies),  LOS,  current  symptoms  of  tracheomalacia,  current  feeding 
difficulties and current  symptoms of gastro‐esophageal  reflux disease  (scored according 
to  the  questionnaire  of Manterola  et  al.).243  After  univariate  analysis, multiple  variable 
regression analysis was performed entering  variables  that had a p‐value of <0.1 on  the 
univariate analysis. This was only done for domains with significant differences between 
the  EA  population  and  the  reference  population.  Statistical  significance  was  reached 
when p <0.05. All calculations were performed using SPSS 15.0. 
Results 
Patients 
CHQ‐PF50 
Eighty‐four patients were treated for esophageal atresia  in the Pediatric Surgical Centre 
of  Amsterdam  between  1988  and  1997.  One  patient  died  at  the  age  of  3.  Seventeen 
patients were excluded  for other  reasons  than EA  that might affect HR‐QoL: premature 
birth (n=16), severe mental retardation (n=1). Of the 66 patients, 31 were at or below 13 
years  of  age  and  their  parents  were  invited  to  complete  the  CHQ‐PF50.  Parents  of  24 
patients  completed  the  CHQ‐PF50  (response  rate  77%). Of  the  7  patients  in whom  the 
CHQ‐PF50 was missing,  1  patient  had  emigrated,  1  patient  could  not  be  located  and  5 
patients did not respond. There were no significant differences in age at follow‐up, type 
of atresia, presence of concomitant congenital anomalies or anti‐reflux surgery between 
respondents and non‐respondents of the CHQ‐PF50. One patient had a type A, 1 a type B 
and  2  patients  a  type  E  esophageal  atresia.  Eleven  patients  (46%)  had  a  concomitant 
congenital  anomaly  or  a  combination  including  an  imperforate  anus  (n=2),  cardiac 
anomalies (n=6), limb abnormalities (n=3), renal abnormalities (n=1) and abnormalities of 
the vertebrae (n=3). In 6 patients, early GERD was confirmed by Upper Gastro‐Intestinal 
(UGI) series, pH‐metry and⁄or endoscopy. At follow‐up, 4 of 21 patients (3 missing) used 
pulmonary  medication:  bronchodilators  (n=1),  inhaled  steroids  (n=2)  or  a  combination 
(n=1). Four patients were suspected of current GERD (Manterola score ≥4) (table 2). 
CHQ‐CF87 
Sixty‐three patients were 10 years or older and were invited to complete the CHQ‐CH87. 
Of them, 2 had emigrated, 4 could not be located and 20 patients did not return the CHQ‐
CF87. Thirty‐seven children (response rate 58%) completed the questionnaire. There was 
no  significant  difference  in  age  at  follow‐up,  type  of  atresia,  presence  of  concomitant 
congenital  anomalies or  anti‐reflux  surgery between  responders and non‐responders of 
the CHQ‐CF87. The majority of patients had a type C atresia, 1 patient had a type B atresia 
and 2 had a type E atresia. Associated congenital anomalies were found in 16 of the 37 
patients (43%) and consisted of an imperforate anus (n=4), cardiac anomalies (n=8), limb 
abnormalities  (n=2)  renal  abnormalities  (n=4)  and⁄or  abnormalities  of  the  vertebrae 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(n=4). Five patients had 2 or more anomalies.  In 14 out of 37 patients, early GERD was 
confirmed by UGI  series,  pH‐metry  and⁄or endoscopy. At  follow‐up,  6 of  31 patients  (6 
missing) used  respiratory medication: bronchodilators  (n=3),  inhaled  steroids  (n=1) or a 
combination  (n=2).  Almost  all  patients  participated  in  sports,  20%  had  mild  exercise‐
induced  symptoms.  At  follow‐up,  5  patients were  suspected  of GERD  (Manterola  score 
≥4).  Of  the  30  patients,  6  attended  primary  school  and  21,  secondary  school.  Three 
patients  required  special  educational  services.  Of  the  21  patients  visiting  secondary 
school,  11  (52%) went  to  the  highest  level  of  education  in  secondary  school  (table  2). 
Three  children  required  special  educational  services.  In  16  children  (age  ≥10  years  and 
≤13 years), both CHQ‐PF50 and CHQ‐CF87 were completed. 
 
Table 2. Patient characteristics 
 
  CHQ‐PF50 
N=24 
CHQ‐CF87 
N=37 
Male  16 (67%)  21 (57%) 
EA type C  20 (83%)  33 (89%) 
Concomitant anomalies  11 (46%)  16 (43%) 
GERD    6 (25%)  14 (38%) 
Anti‐reflux surgery    6 (25%)  10 (27%) 
LOS (median days)  15.0  17.0 
Follow‐up     
Age (mean ± SD; range)  11.3 ± 1.2 (9‐13 yrs)  14.0 ± 2.4 (10‐18 yrs) 
Pulmonary medication   4/21 (19%)  6/30 (20%) 
Primary school  12/21 (57%)  6/30 (20%) 
Very good/good exercise tolerance  17/21 (81%)   23/30 (77%) 
Sport practice (x/wk; mean ± SD)  2.9 ± 1.3  2.3 ± 1.6 
Current tracheomalacia  14/21 (67%)  19/30 (63%) 
Wheezing  5/21 (24%)  9/30 (30%) 
Feeding difficulties  10/21 (48%)  13/30 (43%) 
Manterola score (mean ± SD)  2.6 ± 2.3  2.3 ± 2.3 
 
 
Questionnaires 
CHQ‐PF50 
Parents  of  24  EA patients  completed  the CHQ‐PF50.  In most  domains,  the  scores were 
similar to the reference population (table 3). We found moderate‐to‐large effect sizes for 
General Health Perceptions and the Physical Summary Scale respectively (table 3). 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CHQ‐CF87 
Thirty‐seven patients returned the questionnaire. Whereas in most domains scores were 
similar to the healthy reference population, EA patients scored significantly better in the 
Family Activities scale (p=0.02; effect size ‐0.34) and significantly lower on General Health 
perceptions (p=0.01; effect size 0.45), although effect sizes were small (table 4). 
 
Table 3. Results of the CHQ‐PF50.  Data are expressed as mean (SD). 
* Reference values according to Raat et al.260 
 
  EA patients  
n=24 
Reference population* 
n=353 
95% CI of the 
difference 
Effect size 
Physical Functioning  92.8 (15)  99.1 (4.3)  ‐12.78 – 0.23  0.41 
Role Functioning 
Emotional 
93.5 (12.2)  97.9 (7.2)    ‐9.54 – 0.78  0.36 
Role Functioning Physical  91.0 (15.5)  95.8 (15.6)  ‐11.38 – 1.73  0.31 
Bodily Pain  80.9 (18.3)  85.7 (17.2)  ‐12.75 – 3.09  0.26 
General Behavior  77.4 (14.2)  78.5 (13.1)    ‐7.26 – 5.04  0.08 
Mental Health  76.3 (11.5)  81.4 (12.1)  ‐10.02 ‐ ‐0.28  0.43 
Self‐Esteem  79.2 (14.6)  79.2 (11.0)    ‐6.22 – 6.15  0 
General Health 
perceptions 
62.3 (25.1)  82.9 (13.4)  ‐31.19 ‐ ‐9.96  0.82 
Parental Impact 
Emotional 
81.3 (20.5)  86.3 (15.2)  ‐13.69 – 3.59  0.25 
Parental Impact Time  92.6 (15.9)  94.0 (13.0)    ‐8.14 – 5.32  0.09 
Family Activities  86.3 (16.1)  91.5 (11.9)  ‐12.03 – 1.60  0.32 
Family Cohesion  73.1 (17.7)  72.2 (19.4)    ‐6.54 – 8.39  0.05 
Physical Summary score  50.0 (9.1)  56.4 (5.7)  ‐10.33 ‐ ‐2.44  0.70 
Psychosocial Summary 
score 
52.3 (8.4)  53.2 (6.4)    ‐4.53 – 2.69  0.11 
 
 
Factors influencing HR‐QoL outcomes 
CHQ‐PF50 
Multivariate regression analysis showed that only concomitant anomalies (B ‐15.36) and 
age  at  follow‐up  (B  ‐8.18)  and were  independent  determinants  of  the  domain General 
Health (R2=34.9%). One concomitant anomaly on average decreases General Health with 
15.36  points  and  2  or more  anomalies will  decrease General  Health with  30.72  points. 
Also, regression analysis showed that when age at follow‐up increases 1 year, the Physical 
Summary score decreases with 3.05 points (table 5). 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CHQ‐CF87 
Only  the domain General Health perception was  significantly  lower  in  EA patients.  This 
domain on average decreases with 3.54 points for every point that the child scores on the 
Manterola reflux questionnaire at follow‐up after adjustment for tracheomalacia and the 
presence of concomitant anomalies  (R2=37.3%),  implying  that more 3 or more  frequent 
reflux symptoms decreases General Health perceptions (table 6). 
 
Table 4. Results of the CHQ‐CF87. Numbers are expressed as mean (SD). 
*Reference values according to Raat et al.261 
 
  EA patients  
n=37   
Reference population* 
n=475 
95% CI of the 
difference 
Effect size 
Physical Functioning  95.7 (6.6)  96.0 (6.9)     ‐2.51 – 1.90    0.04 
Role Social Limitations 
Emotional/Behavioral 
92.2 (14.0)  89.4 (17.2)     ‐1.88 – 7.46  ‐0.16 
Role functioning Physical  94.3 (15.2)  95.0 (12.9)     ‐5.77 – 4.36    0.05 
Bodily Pain  72.4 (25.9)  73.5 (22.7)     ‐9.69 – 7.56    0.04 
General Behavior  77.7 (10.2)  80.9 (10.6)     ‐6.59 – 0.20    0.30 
Mental Health  77.4 (14.7)  76.5 (15.4)     ‐4.00 – 5.81  ‐0.06 
Self Esteem  73.0 (13.1)  74.7 (12.2)     ‐6.05 – 2.69    0.13 
General Health perception  64.8 (19.4)  73.5 (16.5)  ‐15.13 ‐ ‐2.19    0.45 
Family Activities  86.0 (14.5)  80.0 (17.7)      0.96 – 10.95  ‐0.34 
Family Cohesion  71.4 (19.7)  70.6 (23.5)    ‐5.86 – 7.44  ‐0.03 
 
Table 5. Results of the univariate and the multivariate analysis of CHQ‐PF50 domains. 
 
  Univariate analysis  Multivariate 
analysis 
  Mental Health  General Health  PhysSS  General Health 
  B  p  B  p  B  p  B  p 
Age at follow‐up (yrs)  ‐3.47  0.07  ‐7.28  0.08  ‐2.58  0.09  ‐8.18  0.03 
Concomitant 
anomalies 
‐4.68  0.14  ‐14.12  0.04  ‐1.57  0.54  ‐15.36  0.02 
LOS  0.02  0.62  ‐0.02  0.82  ‐0.03  0.32     
Anti‐reflux surgery  ‐2.78  0.62  ‐6.99  0.57  ‐6.70  0.13     
Feeding difficulties  ‐4.64  0.39  ‐17.51  0.12  ‐2.39  0.58     
Manterola score  ‐1.09  0.33  ‐2.63  0.26  ‐1.16  0.18 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Table  6.  Results  of  the  univariate  and  the  multivariate  analysis  of  CHQ‐CF87  domain  General 
Health. 
 
  Univariate analysis   Multivariate analysis 
  B  p  B  p 
Age (yrs)    ‐1.33  0.33     
LOS (days)     ‐0.22  0.14     
Congenital anomalies  ‐10.00  0.02    ‐8.37  0.09 
Anti‐reflux surgery     ‐8.83  0.22     
Tracheomalacia  ‐17.58  0.02  ‐12.68  0.07 
Feeding difficulties    ‐4.05  0.60     
Manterola score    ‐4.02  0.02    ‐3.55  0.03 
 
Discussion 
This is the first study that measured health‐related quality of  life following correction of 
esophageal atresia in children aged 6–18 years. Almost half of the children had 1 or more 
concomitant  congenital  anomalies.  In  most  domains,    we  found  that  HR‐QoL  in  EA 
patients  in childhood and adolescence was comparable with healthy controls. However, 
parents  as  well  as  children  reported  lower  scores  for  the  domain  General  Health 
perception,  which  was,  as  hypothesized,  negatively  influenced  by  the  presence  of 
concomitant anomalies.  Effect  sizes of  this domain  indicate a moderate‐to‐large  clinical 
effect.  The  lower  score on General Health not only  reflects  the experience of  a  serious 
illness  in  the past  but  also  indicates  that  the parents  and  the  child perceive  the  child’s 
current health as  suboptimal and  that  they are anxious about  the child’s  future health. 
Children  themselves  reported  that  their General Health perception  is primarily affected 
by  current  gastro‐esophageal  reflux  symptoms.  This  is  supported  by  the  fact  that 
approximately 35% of adult patients with EA experience negative consequences of EA in 
daily  life  such  as  gastro‐intestinal  symptoms.221  Recently,  it  has  been  shown  that 
particularly patients reporting dysphagia appeared to be affected by these symptoms in 
their HR‐QoL.276 In addition to a lower General Health perception, we found a significantly 
lower  Physical  Summary  score  for  EA  patients  reported  by  parents,  which  was 
independent of concomitant anomalies and reflux symptoms, implying that, according to 
their  parents,  EA  patients  experience  limitations  because  of  physical  symptoms  The 
finding that children with EA had lower HR‐QoL‐scores in General Health perception and 
the Physical  Summary  score was  consistent with our  expectations. We anticipated  that 
age would positively  affect  the HR‐QoL  score,  as  patients were expected  to  experience 
EA‐related  symptoms  particularly  in  childhood.164,199  However,  our  data  suggest  that 
older  age  negatively  affects  HR‐QoL.  This  could  be  attributable  to  the  fact  that  in  our 
study, most  children were  at  the beginning of  their  adolescence  and  this might  be  too 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early  to  expect  improvement  of  EA‐related  symptoms  and HR‐QoL.  Parents  reported  a 
lower Mental Health indicating that the child has more feelings of anxiety and depression 
than those of the reference population, which could be related to more frequent hospital 
visits  and⁄or  unpleasant medical  experiences  in  childhood,  although  we  did  not  find  a 
relationship between Mental Health and  respiratory and⁄or gastro‐intestinal  symptoms. 
Children  themselves  reported  a  normal Mental  Health.  Effect  sizes  were  small,  so  the 
clinical importance is questionable. We found a high score, but a small effect size for the 
domain Family Activities, reported by the children, indicating that the patients themselves 
think,  that  their  health  does  not  limit  or  interrupt  family  activities  nor  is  it  a  source of 
family tension. In fact, it may even strengthen the relationship between family members. 
We  infer  that  our  study  investigated  a  representative  sample  of  EA  patients,  as  in  our 
study  approximately  50%  had  1  or  more  concomitant  congenital  anomalies,  which  is 
comparable  to  other  reports.155,156  Furthermore,  in  our  study,  many  patients  still 
experience  gastro‐intestinal  symptoms  such  as  dysphagia,  similar  to  other  reports.199 
Other authors found a good HR‐QoL in adult EA patients after primary EA repair assessed 
by the Gastro‐intestinal Quality of Life  Index (GIQLI).222,277 As the GIQLI  is only validated 
for adults, we could not use this instrument in our patient group. We used a standardized 
reflux  questionnaire  instead  to  quantify  reflux‐associated  symptoms  and  relate  the 
symptoms with outcomes of the CHQ, a generic measure for HR‐QoL that is derived from 
the  SF‐36.  We  expected  to  find  a  reduced  HR‐QoL  in  several  domains  in  EA  patients 
especially when patients have concomitant anomalies and have respiratory and⁄or gastro‐
intestinal symptoms. Absence of these findings might be attributable to the willingness of 
EA  patients  and  their  parents  to  accept  symptoms  that  they  assume  are  because  of 
underlying  congenital  abnormalities  as  well  as  the  fact  that  many  of  them  have  been 
living with respiratory and gastro‐intestinal symptoms since birth and might therefore not 
fully apprehend their limitations. Another explanation might be that the lack of potential 
significant differences in some domains might be attributable to a relatively small sample 
size. This may have resulted in false‐negative findings. We did find differences, although 
not  significant,  for  more  domains  that  included  Physical  Functioning,  Role  Functioning 
Emotional (both parent form) and General Behavior (child form) suggesting that EA does 
affect HR‐QoL in childhood and adolescence on several domains. The small effect sizes we 
found for most domains might also be related to the small sample size. In our study, more 
than half of the children visiting secondary school participated in the highest educational 
level.  In  general,  approximately  20–25%  of  Dutch  school  children  are  in  this  level 
(http://4statline.cbs.nl/StatWeb/Table.asp?PA=70762ned).  On  the  contrary,  there  are 
indications that children with EA have more learning, emotional and behavioral problems 
than  children  in  the  general  population,  especially  children  with  major  associated 
anomalies.220  The  high  incidence  of  the  high  educational  level we  found  could  be  as  a 
result of a positive selection bias. In children going to higher education, their parents are 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more likely to have had an high education as well, and they therefore may be more aware 
of the importance of participating in a follow‐up study and consequently more willing to 
participate. This may have resulted in better outcomes. As we did not collect data about 
socio‐economic status, we could not correct for this. Furthermore, we defined a selected 
group of variables with most relevant clinical information to be included in the univariate 
and multivariable analysis. We may have missed associations of variables  that have not 
been  tested.  As  it  has  been  described  that  EA  patients  have  significant  persistent  co‐
morbidity particularly  in childhood, we  included also the younger patients  in  this study; 
consequently, we had  to  use parental  reports.  Inherent  to measuring HR‐QoL  in  young 
children,  it  was  necessary  to  use  parental  reports,  which  may  result  in  confounding. 
However,  it  has  been  shown  that  the  CHQ‐PF50  provides  a  feasible  and  detailed  child 
health profile balanced  for physical and psychosocial aspects of health and  impact of  ill 
health on  family  life.260 On the other hand, past  research has generally demonstrated a 
tendency  for  parents  of  children  with  cancer  to  underestimate  the  HR‐QoL  of  their 
children (i.e. they report a poorer HR‐QoL for their child than the child reports for himself) 
on various domains.279 These differences were seldom found to be significant, as  in our 
study.  Parental  and  children’s  self‐reports  provide different  outlooks on HR‐QoL, which 
can  be  complementary.259  A  limitation  of  this  study  was  the  relative  low  rate  of 
participants. Although there were no significant differences in age at follow‐up and other 
clinical  parameters  between  participants  and  non‐participants,  nothing  is  known  about 
their current state of health.  It  is possible  that  the non‐response  is  the result of a poor 
HR‐QoL or dissatisfaction with current medical treatment. In contrast, HR‐QoL might also 
be  so  good  that  no  need  to  participate was  perceived.  In  summary,  we  demonstrated 
that,  because  of  a  high  incidence  of  concomitant  congenital  abnormalities  and  gastro‐
intestinal  symptoms,  General  Health  of  EA  patients  is  reduced  in  childhood  and  early 
adolescence when  compared  to  the  reference population,  according  to parents  and EA 
patients.  This  suggests  that  parents  as  well  as  EA  patients  themselves  regard  present 
health  as  poor  and  are  anxious  regarding  future  health.  However,  despite  the  high 
incidence  of  EA‐associated  symptoms,  in  all  domains  except  general  health  perception, 
HR‐QoL in EA patients is comparable to healthy controls. Health care workers and parents 
should  be  aware  of  the  high  incidence  of  EA‐associated  symptoms  and  the  possible 
negative consequences for General Health. By being aware of these risks and by giving EA 
patients  a  careful  follow‐up  by  pediatrician  or  pediatric  surgeon,  it may  be  possible  to 
optimize long‐term outcome of EA patients further. 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Introduction 
In this thesis the long‐term morbidity of 2 congenital anomalies, congenital diaphragmatic 
hernia  (CDH)  and  esophageal  atresia  (EA)  respectively,  was  investigated.  Congenital 
diaphragmatic  hernia,  and  esophageal  atresia  are  major  anomalies  and  for  survival 
surgically correction in the neonatal period is required. It is known that children with CDH 
and children with EA have significant morbidity on  the  longer  term:  respiratory, gastro‐
intestinal and (for CDH) neurologic morbidity. Neonates who underwent surgery (because 
of esophageal atresia, imperforate anus or abdominal wall defects) in the neonatal period 
have been  reported  to have more  learning,  emotional  and behavioral  problems on  the 
longer  term,220,267,268  indicating  that  surgery  alone  already  has  major  impact.  In  CDH 
pulmonary hypoplasia  and  consequently  an  increased  risk  for hypoxemia are additional 
risk  factors  for  the  development  of  long‐term  (neurologic) morbidity. Major  anomalies, 
CDH  as  well  as  EA  associated,  may  further  contribute  to  long‐term  sequelae  of  both 
patient groups. Due to these sequelae health‐related quality of life may be compromised. 
To elucidate the complex relationship of all sequelae with the aim to improve follow‐up 
and  long‐term care, we assessed the  incidence and severity of consequences by a  long‐
term follow‐up study and analyzed the effects on health‐related quality of life. 
Respiratory morbidity 
In children and adolescents as well as in adults born with CDH we found mild to moderate 
pulmonary  function  impairment.  Most  CDH  patients  had  obstructive  impairment.  We 
found  a  negative  correlation  between  airway  obstruction  and  gastro‐esophageal  reflux 
disease  (GERD)  in  the  first  2  years  after  CDH  repair  and  duration  of  ventilation, 
respectively.  Both  factors  may  reflect  severity  of  disease,  although  other  explanations 
may  also  be  given.  An  association  between  airway  obstruction  and  GERD  has  been 
suggested  in  patients  with  asthma  and  in  patients  born  with  EA.169,233  Prolonged 
microscopic aspiration of gastric acid  in the airways and potentially  into the alveoli may 
cause chronic pulmonary inflammation and even pulmonary fibrosis.234 In CDH, it is likely 
that a distorted airway architecture due to pulmonary hypoplasia or possibly ventilator‐
induced  barotrauma  also  plays  a  role  in  the  development  of  airway  disease.63,69 
Subsequently,  early  GERD  may  be  considered  as  an  additional  risk  factor  for  the 
development of pulmonary injury. We expected to find restrictive impairment in CDH as 
well, since all CDH patients are born with pulmonary hypoplasia, however we did not find 
evidence  for  this. Other  authors  have  shown  that  in  later  deceased  children  born with 
CDH  the  number  of  alveoli  appear  to  increase  over  time,46  but  are  still  reduced when 
compared to normal lung tissue.6,45 Most likely the hypoplasia has been compensated by 
alveolar  distension  and  consequently  hyperinflation,45,48  which  was  reflected  in  an 
increased  RV/TLC  ratio.  Our  results  concord  with  earlier  reports  describing  long‐term 
pulmonary function in CDH patients, while in the past decade, new treatment strategies 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have been introduced, including delayed CDH repair and new ventilatory strategies. Since 
the  introduction of  lung‐protective ventilatory strategy called “permissive hypercapnia”, 
survival rate for CDH patients appears to have improved.4,19,49,52 Participants in our study 
were all treated in this new era, pulmonary morbidity however did not decrease, implying 
that  neonatal  management  is  not  a  major  determinant.  Ventilator‐induced  lung  injury 
could possibly be reduced by the use of ECMO and/or fetal tracheal occlusion. However 
these  new  techniques might  result  in  survival  of more  severely  affected  patients,  with 
similar  pulmonary  sequelae  or  even  worse.  So  far,  long‐term  results  have  only  been 
described  for  mainly  non‐CDH  patients  treated  with  ECMO  and  these  results  were 
unequivocal.54‐56 In patients born with EA, ventilator‐induced lung injury does not play a 
major  role,  since  most  patients  only  need  a  few  days  of  ventilation  after  EA  repair. 
However many EA patients experience respiratory problems in the first years of  life due 
to recurrent pneumonia and EA associated tracheomalacia (TM).164 In EA patients, it has 
also been suggested that GERD plays a role in pulmonary impairment.169,181,269‐271 On the 
longer term obstructive as well as restrictive impairment has been described.162,169,180‐182 
In our study, we  investigated the  influence of EA and GERD on pulmonary  function and 
exercise capacity by comparing EA patients with and without GERD with non‐EA patients 
with  isolated GERD. We  found  lower  values  for  FEV1  and MMEF,  but  these were most 
likely  due  to  a  reduction  in  FVC.  TLC was within  normal  range  in  approximately  all  EA 
patients  (with and without GERD ≤ 2 years after EA  repair), but when compared  to  the 
patients with isolated GERD mean TLC was significantly lower in EA patients. This implies 
that  GERD  early  after  repair  appeared  to  be  only  a  minor  contributor  to  pulmonary 
function  impairment,  as  in  CDH.  If  GERD  does  play  a  major  role,  than  children  with 
isolated GERD  in the first years of  life would also have pulmonary  function  impairment.  
However  we  did  not  find  any  evidence  for  this  in  our  study. We  think  that  other  EA‐
associated  factors,  such  as  tracheomalacia,  resulting  in  recurrent  respiratory  infection, 
and consequently causing suboptimal lung growth in the first years, are more important. 
As  in  CDH,  early  GERD  might  be  considered  as  an  additional  risk  factor  for  the 
development  of  pulmonary  function  impairment.  One  of  the  factors,  that may  also  be 
important in the development of restrictive impairment in EA patients is thoracotomy. It 
has  been  demonstrated  in  adolescent  scoliosis  patients  that  thoracoscopic  approach 
causes a smaller reduction in pulmonary function 1 year after surgery when compared to 
open  thoracotomy.275  Thoracoscopic  approach  for  EA  repair  is  becoming  increasingly 
accepted, long‐term effects on pulmonary function are not known yet, but are expected 
to  be  less.183  In  addition  thoracotomy  itself may  also  cause  scoliosis  and  subsequently 
aggravate  pulmonary  function  impairment.280,281  Despite  the  pulmonary  function 
impairment the majority of patients with CDH and EA had a normal exercise capacity and 
cardiopulmonary response. Few patients with CDH had reduced V’O2,max, which is most 
probably  due  to  airway  abnormalities  since  these  patients  had  a  reduced  FEV1/FVC. 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Unlike others we did not find a reduced exercise capacity in EA patients. In combination 
with the normal diffusion capacity it can therefore be concluded that there is no evidence 
for  damage  of  the  alveolar  membrane  in  CDH  and  EA  patients.184  The  lower  results 
described  in  the  literature  could  most  probably  be  attributed  to  a  lower  degree  of 
physical fitness due to parental anxiety and strict national legislation that regulates sports 
activities. Despite the pulmonary function impairment we found in CDH as well as  in EA 
patients,  this did not  seem  to affect daily  functioning and  frequency of  sport  activities. 
This  might  be  due  to  willingness  of  CDH  and  EA  patients  to  accept  symptoms  that 
inherent  to  their  congenital  abnormality,  since  many  patients  have  been  living  with 
airway pathology since birth. Consequently, patients and/or parents and sometimes also 
physicians  tend  to  underestimate  the  significance  of  respiratory  symptoms. Our  results 
demonstrate that periodical evaluation of cardiorespiratory function in patients with CDH 
and EA is mandatory for further research as well as for good clinical care. Based on these 
findings, we hypothesize that the lung abnormalities described in CDH may result in early 
airway closure as found in the aging  lung. This  implies that there might be an increased 
risk for the development of chronic obstructive disease,48,71 therefore follow‐up should be 
continued into (late) adulthood. 
Gastro‐intestinal morbidity 
We  studied  the  incidence  of GERD  in  the  first  2  years  after  CDH  repair  and  6‐18  years 
after CDH repair.  In 40% of the patients with high‐risk CDH, GERD was demonstrated  in 
the first 2 years after CDH repair. This might have been an underestimation, since part of 
the children only underwent further evaluation in case of GERD‐related symptoms. Patch 
closure and an intrathoracic position of the stomach were independent predictive factors 
for early GERD, suggesting that the development of GERD may to some extent be related 
to  the  size  of  the  diaphragmatic  defect  and  the  associated  pulmonary  hypoplasia. 
Although we found duration of ventilation to be associated with early GERD, it was not an 
independent  determinant.  Duration  of  ventilation  might  be  related  to  the  severity  of 
pulmonary  hypoplasia,  which  would  be  in  line  with  the  suggested  role  of  pulmonary 
hypoplasia. On the other hand duration of ventilation might also have been determined 
by  certain  logistic  factors  such  as  planning  of  the  CDH  correction  and  elective 
postoperative  extubation,  The  high  incidence  of  early  GERD  in  CDH  patients  with  an 
intrathoracic  stomach  might  be  due  to  the  altered  anatomy  of  the  gastro‐esophageal 
junction with the stomach positioned in the chest. This is accompanied by lack of an intra‐
abdominal  segment  of  the  esophagus  and  widening  of  the  angle  of  His,  which  may 
predispose to GERD.96 Despite early screening  for GERD, CDH patients continue to have 
an increased risk for the development of GERD on the longer term. We found that 6‐18 
years  after  initial  repair  16%  had  symptoms  compatible  with  GERD.  In  75%  of  these 
patients, GERD was confirmed by  further diagnostic evaluations.  In general  the  relation 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between  the  presence  of  GERD  symptoms  and  the  presence  of  GERD  as  proven  by 
objective measures is poor. The absence of symptoms does not preclude the presence of 
reflux  and  vice  versa.93,102  Especially  CDH  patients may  be  at  risk,  since many  patients 
experience GERD related symptoms since  long and do not  interprete these as abnormal 
and  consequently  do not  consult  a  physician. Based on  this  study we  cannot  identify  a 
subgroup of CDH patients who have an increased risk for GERD, therefore we think that it 
is  important  that  all  CDH  survivors  should  undergo  routine  assessment  with  active 
emphasis on GERD‐related symptoms. The threshold for diagnostic evaluation should be 
low. Future studies should point out whether early GERD is indeed more frequently found 
in  CDH  patients  with  patch  closure  and/or  intrathoracic  position  of  the  stomach  and 
whether  these  patients  need  a  more  extensive  follow‐up  for  GERD.  A  long‐term 
prospective study, in which all CDH patients undergo standard investigations,  is needed. 
First,  to provide more precise data of the exact  incidence of  late GERD in CDH patients, 
and  secondly  to  prevent  early  and  late  GERD‐related  complications  including  GERD‐
related  pulmonary  injury  and  on  the  longer  term  Barrett  esophagus  and  esophageal 
carcinoma.103  
Neurologic morbidity 
We  found  subtle  cognitive  problems  in  CDH  survivors.  Although  CDH  patients  had  a 
normal  level of cognitive  functioning with normal  IQ scores, we found an  increased risk 
for  attention  and  concentration  deficits  which  might  be  due  to  cerebral  white  matter 
injury.  There  could  be  several  hypotheses  for  this.266  First  it  has  been  suggested  that 
surgery  induces  a  significant  inflammatory  response,  which may  provoke white matter 
injury.  Other  children,  who  underwent  surgery  in  the  neonatal  period  (for  example 
children  with  EA  or  children  with  abdominal  wall  defects)  also  had  more  learning, 
emotional  an  behavioral  problems.220,267,268  Secondly  white  matter  injury  may  be  the 
result of perinatal asphyxia due to CDH‐associated respiratory distress. In our study 18% 
of  the  patients  had  an  Apgar  Score  at  or  below  5  after  5  minutes,  which  indicates 
asphyxia. However we did not find any association between Apgar score and test results, 
which may be due to the relative small  sample size.  It has been shown that a 5‐minute 
Apgar score <7 has a consistent association with prevalence of neurologic disability and 
with low cognitive function in early childhood.282 An unexpected finding of this study was 
that  mothers  and  teachers  reported  significant  emotional  and  behavioral  problems  in 
approximately 20% of the CDH survivors. Most children had a deviant score on the item 
of somatic complaints without a physical cause. A possible explanation is that parenting a 
child with  potentially  life‐threatening  congenital  anomaly  is  stressful,  this  phenomenon 
has  also  been  described  in  studies  of  children  with  other  congenital  anomalies.220,268 
However the high scores of the teachers could not be explained by this. There could be 2 
reasons:  first  CDH  survivors might  behave  differentially  due  to  their  (hidden?)  physical 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disability.  Second,  CDH  patients  survived  a  very  serious  and  life‐threatening  condition, 
which may have  influenced  the psychological process of  growing up. Parents may have 
been  more  concerned  about  the  physical  condition  of  the  affected  child,  possibly 
expressed in a more protective and cautious way of raising. Early parental psychological 
support  might  stimulate  a  more  standard  and  adequate  approach  of  their  child  and 
subsequently  may  prevent  secondary  behavioral  problems.  A  long‐term  prospective 
study, with a standardized test battery particularly of cognitive functioning,  is needed to 
identify CDH patients at risk and to optimize school performance for these children. 
Health‐related quality of life 
We found a lower health‐related quality of life (HR‐QoL) in CDH survivors when compared 
to  the  literature.73,151  CDH patients  gave  themselves  a  higher  score  on  the  child  health 
questionnaire (CHQ) when compared to their parents. Whereas CDH patients only rated 
the domain General Health perceptions  significantly  lower  than  the general population, 
parents  of  CDH  patients  also  documented  a  lower  Physical  Functioning  and  General 
Health  for  their child. There could be 2 explanations  for  these differences: at  first, CDH 
patients might  underestimate  their  physical  complaints  and might  not  fully  apprehend 
their  limitations. Parents may use their own capabilities as reference for the capabilities 
of  their child,  resulting  in  lower CHQ scores  reported by parents. Secondly, as stated  in 
the section above, parents of CDH patients may be more concerned about  the physical 
abilities of their child, because they had had a life‐threatening congenital anomaly in the 
past. However, perception of general health of CDH survivors according  to parents and 
patients  is  reduced,  indicating  that  both  believe  that  health  is  poor  and  likely  to  get 
worse. Although EA is less life‐threatening than CDH, we found comparable results for the 
CHQ  in  EA  patients.  Parents  as  well  as  children  reported  lower  scores  on  the  domain 
General Health perceptions. Another difference between EA and CDH in this study is that 
in  almost  half  of  the  children with  EA  concomitant  anomalies  are  found,  such  as  heart 
anomalies, imperforate anus, limb and renal anomalies,155,156 which negatively influenced 
the CHQ domain General Health. Children reported that their General Health perception 
was primarily affected by current gastro‐esophageal reflux symptoms. This has also been 
reported in adult patients.221 We expected to find a better HR‐QoL in adolescent patients, 
since  they  experience  less  EA‐related  symptoms  and  they  might  have  developed  the 
ability  to  cope with or adjust  to  their  limitations. However, we  found  that age affected 
HR‐QoL score negatively, which could be due to the fact that in our study most children 
were  at  the  beginning  of  their  adolescence  and  this  might  be  too  early  to  expect 
improvement. Furthermore  in adolescence, relationships and  interactions become more 
complex, EA‐related symptoms may interfere with these interactions. Parents reported a 
lower Mental Health in EA patients, indicating that the child has more feelings of anxiety 
than the general population. Children themselves did not report a  lower Mental Health, 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which  could  indicate  that  parents  project  their  own  feelings  on  their  child.  This  effect 
might be related to frequent hospital visits and/or unpleasant medical experiences in the 
first years of their child’s life. We expected to find a reduced HR‐QoL in several domains 
in  EA  patients  as well  as  in  CDH  patients,  but  this was  not  the  case.  Absence  of  these 
findings might be due to the willingness of both patient groups to accept symptoms that 
they assume are due  to underlying  congenital  anomalies as well  as  the  fact  they might 
therefore not fully apprehend their limitations. We think it is important that health care 
workers  and  parents  should  be  aware  of  the  high  incidence  of  CDH  and  EA‐associated 
symptoms and the possibly negative consequences for HR‐QoL of these patients. By being 
aware of these risks and by giving these patients a careful follow‐up by an expert it may 
be possible to further optimize long‐term outcome of EA patients as well as CDH patients. 
We  expect  that  in  the  future,  with  the  development  of  more  illness‐specific  HR‐QoL 
measures, evaluation of HR‐QoL of these patients will be more specific and improved. 
Recommendations for future research 
Increased  survival  alone  is  no  longer  a  sufficient parameter  for  successful  treatment of 
life‐threatening anatomic congenital malformations  in newborns. Morbidity, both short‐
term  and  long‐term,  influencing  health‐related  quality  of  life,  are  complementary 
measures  of  success  rate  and  are  equally  important.  With  the  development  of  new 
treatment strategies for CDH such as extracorporal membrane oxygenation (ECMO) there 
are more structural follow‐up studies concerning (mainly) short term morbidity. It  is still 
too early to describe long‐term morbidity. ECMO and recently fetal tracheal occlusion for 
CDH might improve outcome of CDH patients. On the other hand, more severely affected 
CDH patients have a increased chance of survival which may significantly affect long‐term 
morbidity.  For  EA  we  speculate  that,  with  introducing  thoracoscopic  repair  for  the 
treatment  of  EA,  long‐term  pulmonary  function  of  these  patients  may  improve.  Many 
reports  describing  outcome  after  repair  of  CDH  and  EA  are  based  on  retrospective 
studies, which may have resulted in bias. For the future it is extremely important to do an 
extensive  prospective  and  long‐term  follow‐up  of  all  patients  to  evaluate  various 
treatment strategies, to improve health‐related quality of life and to provide good clinical 
care. Furthermore it should be realised that nowadays patients with congenital anomalies 
have  a  (nearly)  normal  life  expectation,  consequently  an  increasing number of  patients 
will reach adulthood and need life‐long care of a specialist. 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Summary 
In  this  thesis  we  describe  the  long‐term  morbidity  of  patients  born  with  high  risk 
congenital diaphragmatic hernia (CDH) and of patients born with esophageal atresia (EA). 
Congenital  diaphragmatic  hernia  is  a  congenital  malformation  (birth  defect)  of  the 
diaphragm with  an  incidence  of  approximately  1:2,500  live  births  and  a mortality  rate 
around 40‐50%. Malformation of the diaphragm allows the abdominal organs to migrate 
into the chest, thereby impeding proper lung growth and development. Infants born with 
CDH experience respiratory failure due to pulmonary hypertension (i.e. restriction of the 
blood  flow  through  the  lungs)  and  pulmonary  hypoplasia.  Esophageal  atresia  is  a 
congenital anatomic defect that is caused by an abnormal embryological development of 
the esophagus and affects 1 in 2,400 to 4,500 newborns. In EA the esophagus is divided 
into 2 blind‐ended pouches , an upper and a lower, which may or may not communicate 
with  the  tracheobronchial  tree  through  a  fistulous  traject  called  tracheo‐esophageal 
fistula (TEF).  Most patients have both EA and TEF and approximately 65% have other EA‐
associated  congenital  anomalies  such  as  heart  anomalies.  CDH  as  well  as  EA  are  both 
major  life  threatening  congenital  anomalies  needing  surgical  correction  in  the neonatal 
period.  In  the  past  decades  new  treatment  strategies  have  been  developed  for  CDH 
including  extracorporal  membrane  oxygenation  (ECMO),  which  is  an  extracorporal 
technique of temporary providing both cardiac and respiratory support to patients whose 
heart and  lung are so severely diseased that  they can no  longer serve their  function.  In 
addition fetal tracheal occlusion (TO), which consists of occlusion of the fetal trachea by 
prenatal  surgery,  has  been  developed  as  an  alternative  strategy  to  promote  fetal  lung 
growth in CDH patients. Both techniques may improve mortality but, on the other hand, 
more  severely  affected  patients  are  expected  to  have  an  increased  chance  of  survival, 
which may affect long term morbidity. Children born with CDH and children born with EA 
have  significant  long‐term  morbidity  due  to  pulmonary  sequelae,  gastro‐intestinal 
problems and neurocognitive problems. Due to these sequelae health‐related quality of 
life may be compromised.  
The  objectives  of  this  study  were  to  determine  the  incidence  and  severity  of 
consequences  of  both  CDH  and  EA  on  the  longer  term,  assess  its  determinants    and 
analyze the effects on health‐related quality of life. We included all high risk CDH patients 
who were born in Amsterdam and Rotterdam, not treated with ECMO, who were, at the 
time  of  the  study,  between  6‐18  years.  Participating  patients  underwent  pulmonary 
function  testing,  cardiopulmonary  exercise  testing  and  were  asked  to  complete  a 
questionnaire  on  gastro‐intestinal  problems.  From  patients  originating  from  the 
Amsterdam cohort neurocognitive functioning and health‐related quality of life. were also 
assessed.  Furthermore  we  assessed  pulmonary  function,  exercise  capacity  and  gas 
exchange  together  with  health‐related  quality  of  life  in  adult  CDH  patients  from 
Amsterdam. For EA we  included all  patients,  treated  in Amsterdam, with an age at  the 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time of the study between 8‐18 years. Participants performed pulmonary function testing 
and maximal exercise testing. To investigate the role of gastro‐esophageal reflux disease 
(GERD)  on pulmonary function we compared the results of the EA patients with a control 
group consisting of patients with isolated GERD. In addition all EA patients were asked to 
complete questionnaires on gastro‐intestinal symptoms and health‐related quality of life. 
Pulmonary morbidity 
In chapter 2 and 3 we describe the pulmonary function and exercise capacity of 53 and 12 
CDH  survivors  in  childhood  and  adulthood,  respectively.  CDH  patients  in  childhood, 
adolescence  as  well  as  in  adulthood  have  mild  obstructive  pulmonary  function 
impairment.  For  children  and  adolescents  obstructive  impairment  may  be  related  to 
GERD  in  early  life.  In  all  patients  exercise  capacity  and  gas  exchange  parameters were 
normal  indicating  that,  at  first,  the  majority  of  patients  does  not  have  physical 
impairment  and,  secondly,  they  are  not  at  risk  for  developing  long‐term  pulmonary 
vascular pathology. In chapter 6 we present the independent effects of EA and GERD on 
cardiopulmonary  function  by  comparing  pulmonary  function  and  exercise  capacity 
between patients with EA, patients with EA and GERD and patients with  isolated GERD. 
We  found  that EA patients with and without GERD have  restrictive pulmonary  function 
impairment when compared to patients with only GERD. We hypothesize that this may be 
due to the fact that all EA patients underwent thoracotomy for EA repair. Based on these 
studies we propose that early GERD might be considered as an additional risk factor for 
the development of pulmonary  injury  in CDH as well as  in EA. For CDH it  is  likely that a 
distorted  airway  architecture  due  to  pulmonary  hypoplasia  and  ventilator‐induced  lung 
injury play a more significant role in the development of airway disease. For EA recurrent 
respiratory  infections  due  to  tracheomalacia  (a  condition‐  which  is  inherent  to  EA  and 
characterized  by  flaccidity  of  the  tracheal  support  cartilage,  which  leads  to  tracheal 
collapse), and thoracotomy are likely to be more important in the development of airway 
disease in these patients.  
Gastro‐intestinal morbidity 
In chapter 4 we analyse the perinatal and postnatal data of 69 CDH patients  to  identify 
variables predictive  for early GERD. To examine  the  incidence of GERD 6‐18 years after 
CDH  repair  58  patients  completed  a  standardized  questionnaire  on  reflux  symptoms. 
Patients  who  had  a  score  indicating  increased  risk  for  GERD  underwent  further 
assessment. We  found  early  GERD  in  39%  of  the  CDH  patients with  patch  closure  and 
intrathoracic position of  the stomach being  independent predictive variables. At  follow‐
up 16% of the CDH patients has symptoms suggestive for late GERD, in 78% of them late 
GERD was confirmed. We could not identify predictive factors for late GERD. To prevent 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GERD‐related complications in CDH patients we think that long‐term follow‐up for GERD 
in CDH survivors is mandatory. 
Neurocognitive morbidity 
In  chapter  5  we  assessed  psychological  and  social  functioning  of  33  high  risk  CDH 
survivors aged 6‐16 years. Although we found a normal IQ, CDH survivors appeared to be 
at  risk  for  subtle  cognitive  problems,  reflected  in  lower  results  for  sustained  attention. 
Learning  difficulties  were  reported  by  30%  of  the  parents.  We  found  that  many  CDH 
survivors  have  significant  emotional  and  behavioral  problems which may  contribute  to 
school failure. In contrast with other studies we did not find evidence for severe cognitive 
defects. No predictive variables could be identified. 
Health‐related quality of life 
In  addition  to  psychological  and  social  functioning  of  CDH  survivors  chapter  5  also 
discusses  health‐related  quality  of  life  (HR‐QoL)  in  CDH  patients.  HR‐QoL was  assessed 
with  the  Child  Health  Questionnaire  (CHQ)  and  the  Health  Utilities  Index  (HUI).  CDH 
patients had a reduced perception of health when compared to the reference population 
indicating that CDH survivors and their parents believe their health  is poor and  likely to 
worse. We found a  lower HUI score on cognition, suggesting that CDH patients  learn or 
remember  school  work  more  slowly  than  classmates  and  sometimes  require  special 
education. This is compatible with the results of the cognitive tests described in the same 
chapter.  In  chapter  7 HR‐QoL  of  EA  patient    and  its  determinants  such  as  concomitant 
anomalies  and  the  presence  of  respiratory  and/or  gastro‐intestinal  symptoms  were 
evaluated  by  using  the  CHQ  for  parents  as  well  as  for  children.  The  domain  General 
Health  perception  was    significantly  lower.  According  to  parents  this  was  negatively 
affected  by  age  at  follow‐up  and  concomitant  anomalies.  According  to  EA  patients 
themselves  reflux  symptoms  reduced  General  Health  perceptions.  These  results  imply 
that health care workers as well as parents should be aware of the high incidence of EA 
and CDH‐associated symptoms and the possible negative consequences for HR‐Qol. 
Conclusion 
This  long‐term  follow‐up  study  of  2  life‐threatening  congenital  anomalies,  congenital 
diaphragmatic  hernia  and  esophageal  atresia,  both  needing  surgical  correction  in  the 
neonatal  period,  shows  that  CDH  patients  have  mild  obstructive  pulmonary  function 
impairment  and  a  normal  exercise  capacity. We  did  not  find  evidence  for  (sub‐clinical) 
pulmonary  hypertension.  EA  patients  have mild  restrictive  impairment  8‐18  years  after 
repair.  Early GERD appears  to play only  a minor  role  in  the development of pulmonary 
function impairment in both conditions.  Despite screening for early GERD, CDH patients 
continue to be at risk for the development of GERD. Many patients underestimate their 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symptoms  and  consequently  do  not  consult  a  physician,  increasing  the  risk  of  GERD‐
related  complications. Despite  a normal  IQ we  found  subtle  cognitive problems  in CDH 
survivors  and  an  increased  incidence  of  behavioral  problems, which may  contribute  to 
school  failure.  Due  to  these  sequelae  HR‐QoL  of  both  CDH  and  EA  patients  is 
compromised, represented by the fact that patients think their health is poor and likely to 
get  worse.  With  the  recent  development  and  implementation  of  new  treatment 
strategies, we think that it is very important to perform a prospective follow‐up study of 
all  patients  to  evaluate  various  treatment  strategies,  identify  patients  at  risk  and  to 
provide good clinical care. By preventing CDH‐ or EA‐related complications HR‐QoL may 
be further optimized. Finally it should be realized that nowadays these patients  will reach 
adulthood and need life‐long care of a specialist. 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Dit  proefschrift  beschrijft  de  lange  termijn  uitkomsten  van  2  verschillende  aangeboren 
afwijkingen:  congenitale hernia diafragmatica  (CHD) en oesofagusatresie  (OA). Kinderen 
geboren  met  CHD  hebben  een  aanlegstoornis    van  het  middenrif,  waardoor  de 
buikorganen in de borstholte liggen en de longen zich minder goed kunnen ontwikkelen. 
Door de slechte longontwikkeling zijn ook de longvaten  anders aangelegd, met als gevolg 
dat er minder bloed naar de  longen gaat  (pulmonale hypertensie). De meeste kinderen 
met CHD raken hierdoor binnen 24 uur  na de geboorte respiratoir insufficiënt (high‐risk 
CHD).  CHD  komt  voor  bij  ongeveer  1  op  de  2500  levendgeborenen  en  heeft  een  hoog 
sterftecijfer  van  40‐50%.  OA  ontstaat  door  een  abnormaal  verlopende  embryonale 
ontwikkeling  van  de  slokdarm  en  komt  voor  bij  ongeveer  1  op  de  2400‐4500 
pasgeborenen. Bij OA is de slokdarm onderbroken en loopt daardoor niet goed door. Bij 
de meeste patiënten eindigt het bovenste deel van de slokdarm blind en is het onderste 
deel verbonden met  de luchtpijp.  In dat geval  is er sprake van een trachea‐oesofageale 
fistel (TOF). Een groot deel van de OA patiënten heeft ook andere, met OA‐geassocieerde, 
aangeboren afwijkingen,  zoals een hartafwijking. Bij  vrijwel alle kinderen met OA  is het 
kraakbeen van de luchtwegen slapper (tracheamalacie). Dit geeft een typische blafhoest 
en kan leiden tot frequente luchtweginfecties. 
Zowel kinderen geboren met CHD als met OA zijn ernstig aangedaan en moeten, om te 
kunnen  overleven,  in  de  eerste  dagen  na  de  geboorte  geopereerd  worden.  In  de 
afgelopen  decennia  worden  een  aantal  nieuwe  behandelingen  bij  CHD  toegepast, 
waaronder  ECMO  (extracorporele membraan  oxygenatie)  en  foetale  tracheale  occlusie 
(TO). ECMO is een techniek waarbij het bloed door een hartlongmachine gaat en op die 
manier wordt voorzien van zuurstof.  Bij TO wordt door middel van prenatale chirurgie de 
luchtpijp van de foetus geblokkeerd met als doel de longgroei tijdens de zwangerschap te 
stimuleren.  Beide  behandelingen  verlagen  mogelijk  de  mortaliteit  van  CHD,  echter 
doordat ernstig aangedane patiënten hierdoor ook een hogere overlevingskans hebben, 
kan dit tevens gevolgen hebben voor de morbiditeit op lange termijn. Het is bekend dat 
kinderen  geboren met  CHD of OA  in  hun  latere  leven  verschillende  problemen  kunnen 
ondervinden,  waaronder  luchtwegproblemen,  maagdarmproblemen  en  (vooral  bij 
kinderen  geboren  met  CHD)  neurologische  problemen.  Al  deze  problemen  kunnen 
invloed hebben op de kwaliteit van leven van CHD en OA patiënten.  
Het doel van deze studie is om bij kinderen geboren met CHD of OA de incidentie en ernst 
van  bovengenoemde  problemen  op  de  lange  termijn  in  kaart  te  brengen.  Daarnaast 
hebben we onderzocht of er andere factoren zijn die invloed hebben op het optreden van 
de  lange  termijn  problemen  of  de  ernst  daarvan.  Tevens  hebben  we  onderzocht  in 
hoeverre  de  problemen  van  invloed  zijn  op  de  kwaliteit  van  leven  van  deze  patiënten. 
Kinderen  geboren met high‐risk CHD  in Amsterdam en Rotterdam, die  ten  tijde  van de 
studie 6‐18  jaar oud waren en niet behandeld waren met ECMO, werden geincludeerd. 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Deelnemers aan het onderzoek ondergingen een longfunctie‐onderzoek en een maximale 
inspanningstest.  Daarnaast  vulden  ze  een  vragenlijst  in  over  maagdarmklachten.  Alle 
patiënten uit Amsterdam ondergingen ook een uitgebreid psychologisch    onderzoek en 
een  onderzoek  naar  de  kwaliteit  van  leven.  Daarnaast  werden  Amsterdamse  CHD 
patiënten  die  ten  tijde  van  de  studie  18  jaar  of  ouder  waren  uitgenodigd  voor  een 
longfunctie‐onderzoek,  een  maximale  inspanningstest,  een  onderzoek  naar  de 
gaswisseling  in  de  longen  en  een  onderzoek  naar  de  kwaliteit  van  leven.  Alle  kinderen 
geboren met OA  in Amsterdam, die een  leeftijd hadden van 8‐18  jaar  ten  tijde van het 
onderzoek,  werden  eveneens  geïncludeerd.  Ook  zij  ondergingen  een  longfunctie‐
onderzoek en een maximale inspanningstest en een onderzoek naar de gaswisseling in de 
longen.  Om  te  onderzoeken  wat  de  mogelijke  rol  is  van  vroege  refluxziekte  op  de 
longfunctie  hebben  we  de  resultaten  van  het  longfunctie‐onderzoek  en  de 
inspanningstest van OA patiënten vergeleken met een controlegroep bestaande uit niet‐
OA patiënten met refluxziekte  in de eerste 2  levensjaren. Daarnaast hebben we alle OA 
patiënten gevraagd vragenlijsten in te vullen over maagdarmproblemen en kwaliteit van 
leven. 
Luchtwegproblemen 
In  hoofdstuk  2  en  3  beschrijven we  de  longfunctie  en  de  inspanningscapaciteit  van  53 
CHD patiënten in de leeftijd van 6 tot 18 jaar en van nog 12 volwassen CHD patiënten. In 
alle  leeftijdscategorieën  vinden  we  aanwijzingen  voor  milde  obstructieve  longfunctie‐
afwijkingen. Bij patiënten ≤18 jaar vonden we een relatie tussen het optreden van vroege 
refluxziekte  en  deze  afwijkingen.  Bij  vrijwel  alle  patiënten  vonden  we  een  normale 
inspanningscapaciteit  en  gaswisseling,  hetgeen  betekent  dat  het  longvaatbed  van  CHD 
patiënten,  ondanks  de  andere  aanleg,  goed  lijkt  te  functioneren  op  latere  leeftijd.  In 
hoofdstuk  6  beschrijven  we  een  onderzoek  naar  de  effecten  van  OA  en  vroege 
refluxziekte  op  hart‐en  longfunctie.  In  dit  onderzoek  worden  drie  patiëntengroepen 
vergeleken: kinderen met alleen OA, kinderen met OA en vroege refluxziekte en kinderen 
met alleen vroege refluxziekte. Uit dit onderzoek blijkt dat kinderen met OA, zowel met 
als  zonder vroege  refluxziekte,  kleinere  longen hebben dan kinderen met alleen vroege 
refluxziekte.  Een  mogelijke  oorzaak  hiervoor  kan  zijn  dat  alle  kinderen  met  OA  een 
thoracotomie ondergaan, wat invloed zou kunnen hebben op de longgroei. Op basis van 
deze studies denken we dat refluxziekte een (kleine) rol kan hebben in het ontstaan van 
longschade bij zowel patiënten met CHD als patiënten met OA, maar dat andere factoren 
waarschijnlijk meer van invloed zijn. Bij CHD patiënten heeft de afwijkende structuur van 
de longen en longschade ten gevolge van de beademing rondom de geboorte en operatie 
waarschijnlijk  meer  invloed.  Recidiverende  luchtweginfecties  ten  gevolge  van  de 
tracheamalacia  en  het  ondergaan  van  een  thoracotomie  spelen  bij  OA  patiënten 
waarschijnlijk een grotere rol. 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Maagdarmproblemen 
In  hoofdstuk  4  worden  een  retrospectieve  en  een  prospectieve  studie  beschreven  van 
maagdarmproblemen bij CHD patiënten. Allereerst onderzoeken we bij 69 patiënten of er 
voorspellende variabelen zijn voor het optreden van vroege refluxziekte na correctie van 
CHD. Vroege  refluxziekte werd  gevonden bij  39% van de CHD patiënten,  voorspellende 
variabelen waren het  gebruik  van een patch bij  het  sluiten van het diafragmadefect en 
een preoperatieve  intrathoracale  positie  van de maag.  In  het  prospectieve deel  van de 
studie vulden 58 patiënten een gestandaardiseerde vragenlijst in over refluxklachten. Bij 
patiënten  met  een  hoge  score  en  dus  een  verhoogd  risico  op  refluxziekte  werd 
aanvullende  diagnostiek  verricht.  Zestien  procent  van  de  patiënten  had  reflux‐
gerelateerde  klachten,  in  78%  van  deze  patiënten  kon  refluxziekte middels  aanvullend 
onderzoek  worden  bevestigd.  We  vonden  geen  voorspellende  variabelen  voor  het 
optreden van late refluxziekte na correctie van CHD. Om reflux‐gerelateerde complicaties 
bij  CHD  patiënten  te  voorkomen  zullen  deze  patiënten  langdurig  en  actief  vervolgd 
moeten worden. 
Neurocognitief functioneren 
In hoofdstuk 5 wordt beschreven hoe de  cognitieve  functie,  het  gedrag en de  kwaliteit 
van  leven  is  van  33  CHD  patiënten  in  de  leeftijd  van  6‐16  jaar.  Ondanks  dat  de  CHD 
patiënten  een  normaal  IQ  hadden,  vonden  we  wel  aanwijzingen  voor  (subtiele) 
concentratiestoornissen. Daarnaast had 30% van de deelnemers leerproblemen. Uit deze 
studie  bleek  tevens  dat  veel  CHD  patiënten  emotionele  en  gedragsproblemen  hebben, 
hetgeen  kan  bijdragen  aan  problemen  op  school.  In  tegenstelling  tot  eerder 
gepubliceerde  studies  vonden  we  geen  ernstige  cognitieve  functiestoornissen.  Ook 
vonden  we  geen  voorspellende  variabelen  voor  het  optreden  van  de 
concentratiestoornissen en gedragsproblemen. 
Kwaliteit van leven 
In  hoofdstuk  5  wordt,  naast  het  cognitief  functioneren  en  gedrag,  tevens  de 
gezondheidsgerelateerde  kwaliteit  van  leven  van  CHD  patiënten  beschreven.  Hiervoor 
werden 2 gestandaardiseerde vragenlijsten gebruikt: de Child Health Questionnaire (CHQ) 
en de Health Utilities Index (HUI). CHD patiënten gaven aan dat hun gezondheidsbeleving  
gereduceerd was in vergelijking met gezonde personen. Dit betekent dat CHD patiënten 
hun  gezondheid  slecht  vinden  en  verwachten  dat  deze  achteruit  zal  gaan.  Daarnaast 
vonden we een  lagere HUI‐score voor cognitie, wat suggereert dat CHD patiënten meer 
leerproblemen hebben dan hun klasgenoten en vaker speciaal onderwijs nodig hebben. 
Dit  past  bij  de  andere  bevindingen  die  worden  beschreven  in  hetzelfde  hoofdstuk.  In 
hoofdstuk  7  wordt  de  gezondheidsgerelateerde  kwaliteit  van  leven  van  OA  patiënten 
geëvalueerd  middels  de  CHQ.  Daarnaast  hebben  we  onderzocht  of  er  variabelen  zijn, 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zoals  OA‐geassocieerde  afwijkingen,  luchtwegklachten  of  maag‐darmklachten,  die  van 
invloed zijn op de kwaliteit van leven. Ook bij OA patiënten blijkt de gezondheidsbeleving 
gereduceerd.  Volgens  ouders  van  OA  patiënten  werd  de  gezondheidsbeleving  negatief 
beïnvloed  door  toename  van  de  leeftijd  en  OA‐geassocieerde  afwijkingen.  Volgens  OA 
patiënten zelf was er een negatieve invloed van refluxklachten op hun kwaliteit van leven. 
Deze resultaten tonen dat het belangrijk is dat zowel artsen als ouders zich realiseren dat 
CHD en OA patiënten ook op de langere termijn nog veel klachten kunnen hebben en dat 
deze klachten van invloed kunnen zijn op hun kwaliteit van leven. 
Conclusie 
Dit  lange  termijn  onderzoek  naar  2  levensbedreigende  aangeboren  aandoeningen, 
congenitale hernia diafragmatica en oesofagusatresie, waarvan  in de neonatale periode 
een grote  chirurgische  ingreep moet plaats  vinden,  toont dat CHD patiënten een milde 
obstructieve  longfunctie hebben en een normale  inspanningscapaciteit. Er werden geen 
aanwijzingen gevonden voor  (subklinische) pulmonale hypertensie. OA patiënten blijken 
milde restrictieve  longfunctie‐afwijkingen te hebben. Vroege refluxziekte  lijkt een kleine 
rol te spelen in het ontstaan van longfunctie‐afwijkingen bij zowel CHD als OA patienten. 
Ondanks  dat  CHD  patiënten  in  de  eerste  jaren  na  CHD  correctie  gescreend worden  op 
refluxziekte,  blijven  sommige  patienten  ook  nog  op  latere  leeftijd  een  verhoogd  risico 
houden  op  refluxziekte.  Veel  patiënten  onderschatten  hun  symptomen  en  bezoeken 
hiervoor  geen  arts,  waardoor  ze  een  verhoogd  risico  lopen  op  reflux‐gerelateerde 
complicaties.  Ondanks  dat  CHD  patiënten  een  gemiddeld  IQ  hadden,  vonden  we 
aanwijzingen voor concentratiestoornissen en gedragsproblemen, hetgeen kan bijdragen 
aan problemen op school. Door deze problemen is de kwaliteit van leven van zowel CHD 
als OA patiënten gereduceerd, ze ervaren hun gezondheid als slecht en verwachten dat 
deze  achteruitgaat.  Met  de  ontwikkeling  van  een  aantal  nieuwe  en  ingrijpende 
behandelingsstrategieën,  is  het  van  groot  belang  om  alle  patiënten  prospectief  te 
vervolgen,  ten  einde  de  verschillende  behandelingen  te  evalueren,  risicopatiënten  te 
identificeren  en  goede  klinische  zorg  te  bieden.  Door  CHD  en  OA  geassocieerde 
complicaties  te  voorkomen,  lijkt  het  mogelijk  om  de  kwaliteit  van  leven  van  deze 
patiënten te verbeteren. Tenslotte is het belangrijk dat men zich realiseert dat veel CHD 
patiënten tegenwoordig de volwassen leeftijd bereiken en levenslange medische controle 
nodig hebben. 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List of abbreviations 
 
ACCP     American College of Chest Physicians 
ARM     Ano‐rectal malformations 
AS    Apgar score 
ATS     American Thoracic Society 
 
BAER     Brain auditory evoked response 
BD     Bronchodilation 
 
CDD    Congenital diaphragmatic defect 
CDH     Congenital diaphragmatic hernia 
CI     Confidence interval 
CO2     Carbon dioxide 
CPET     Cardiopulmonary exercise testing 
CT     Computed tomography 
 
DE     Diaphragmatic eventration 
D’L,CO    Diffusion capacity for carbon monoxide 
 
EA     Esophageal atresia 
ECCS     European community for coal and steel 
ECMO    Extracorporal membrane oxygenation 
ERS    European respiratory society 
 
FEV1     Forced expiratory volume in 1 s 
FRC     Forced Residual Capacity 
FVC     Forced vital capacity 
 
GERD     Gastro‐esophageal reflux disease 
GI     Gastro‐intestinal 
GIQLI    Gastro‐intestinal quality of life index 
 
HFO    High‐frequency oscillation 
HR‐QoL  Health‐related quality of life 
 
IQ     Intelligence quotient 
IVC     Inspiratory vital capacity 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KCO     Diffusion capacity corrected for alveolar volume 
 
LIS     Latency intensity studies 
Ln     Natural logarithm 
LOS     Length of stay in hospital 
MMEF   Maximal midexpiratory flow 
MRI     Magnetic resonance imaging 
 
NO     Nitric oxide 
 
OD     Odds Ratio  
 
PEF    Peak expiratory flow 
PPHN    Persistent pulmonary hypertension of the neonate 
 
RER     Respiratory exchange ratio 
RV     Residual volume 
 
SD     Standard deviation 
SF‐36    Short form‐36 
SNHL     Sensineural hearing loss 
SPSS     Statistical package social siences 
Stc,O2    Transcutaneous oxygen saturation 
 
TACQoL  TNO AZL children’s quality of life 
TEF    Tracheo‐esophageal fistula 
TLC    Total lung capacity 
TM    Tracheomalacia 
TO     Tracheal occlusion 
 
UGI     Upper gastro‐intestinal 
 
VA ECMO  Venoarterial extracorporal membrane oxygenation 
VA     Alveolar volume 
VC     Vital capacity 
VD/VT    Dead space ventilation/tidal volume ratio 
V’E    Minute ventilation 
V’E,CO2   Ratio of ventilation to CO2 output 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V’O2,max   Maximal oxygen uptake 
VV ECMO   Venovenous extracorporal membrane oxygenation 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Dankwoord 
 
Onderzoek  doe  je  nooit  alleen!  In  dit  dankwoord  wil  ik  iedereen  bedanken  die  heeft 
meegewerkt aan deze studie; een aantal mensen wil ik hier in het bijzonder noemen. 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alle 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en 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hebben meegedaan aan dit onderzoek, 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heb 
grote  waardering  voor  hen. 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 deelnemers  hadden  de  afgelopen  jaren  al  diverse 
onderzoeken ondergaan en weer wilden ze meedoen met als doel de toekomst voor deze 
patiënten  te  verbeteren.  Ook  al  was  het  soms  een  eind  reizen  naar  Amsterdam,  de 
bereidwilligheid  om  mee  te  doen  was  groot.  Mijn  dank  is  groot,  zonder  hen  was  dit 
onderzoek niet mogelijk geweest. 
Prof.dr.  R.J.B.J.  Gemke,  beste  Reinoud,  graag  wil  ik  je  bedanken  voor  het  grote 
vertrouwen dat 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kreeg bij 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starten 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studie 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 ook  de  opleiding  tot 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 volgen. Uiteraard  ook  dank 
voor je begeleiding, ik heb je open, nuchtere en soms ook zakelijke kijk op alles altijd erg 
kunnen  waarderen.  Toen  ik  vertelde  dat  ik  zwanger  was,  was,  naast  een  felicitatie,  je 
reactie  (met  een  zucht..)  ”hoe moet  dat  nou met  je  onderzoek”, maar  het  is  dus  goed 
gekomen zoals beloofd. Doordat  je me altijd veel vrijheid hebt gegeven in het doen van 
onderzoek,  heb  ik  mijn    AGIKO‐traject  met  plezier  doorlopen  en  was  het  goed  te 
combineren met een gezinsleven.  
Prof.dr. H.A. Heij,  beste Hugo,  ik wil  je  graag bedanken voor de  kansen die  je me hebt 
gegeven, eerst als ANIOS op de kinderchirurgie en later als onderzoeker. Ooit begon ik als 
co‐assistent op de kinderchirurgie en nu 9 jaar later sta ik hier, mede dankzij jou.  
Prof.dr.  J.J.  Roord,  beste  John,  vanaf  2003  kreeg  ik  de  mogelijkheid  mijn  onderzoek 
combineren met de opleiding tot kinderarts. Hartelijk dank voor je vertrouwen in mij. 
Prof.dr.  W.P.F.  Fetter,  opleider  kindergeneeskunde,  beste  Willem,  ik  wil  je  heel  graag 
bedanken  voor  je  begeleiding,  belangstelling  en  flexibiliteit.  Ik  denk  dat  mijn 
opleidingsschema  ongeveer  elk  jaar  gewijzigd  werd  ten  gevolge  van  onderzoek  of 
zwangerschap. Heel fijn dat je altijd meedacht en met een goede oplossing kwam. 
De  leden van de  leescommissie, prof.dr. D.C. Aronson, prof.dr. E. Heineman, prof.dr. D. 
Tibboel,  prof.dr.  G.J.  Bonsel,  prof.dr.  H.  S.  Heymans,  en  prof.dr.  C.K.  van  der  Ent wil  ik 
hartelijk bedanken voor de aandacht en  tijd die  zij  hebben gestoken  in het beoordelen 
van mijn proefschrift. 
Het  zorgvuldig  opzetten  van  een  nieuwe  studie  kost  veel  tijd  en  energie  en  gaat  nooit 
zoals  je  van  tevoren  in  gedachten  hebt.  Er  is  veel werk  aan  vooraf  gegaan  voordat  de 
  
eerste patiënt gezien kon worden. Ik wil Annique van den Broek hartelijk bedanken voor 
de allereerste opzet van deze studie en hulp in de eerste jaren. 
Een deel van dit onderzoek is uitgevoerd door de afdeling longfunctie van het VU medisch 
Centrum.  Hedy,  bedankt  voor  alle  uitleg,  het  eindeloze  geduld  en  natuurlijk  alle 
longfuncties en inspanningstesten die je hebt verricht. Daarnaast wil ik ook graag Herman 
Groepenhoff en Gwenda Commandeur bedanken voor hun inzet. 
De  afdeling  medische  psychologie  heeft  alle  psychologische  testen  afgenomen  ten 
behoeve  van  deze  studie,  Vanja,  bedankt  voor  de  fijne  samenwerking  en  alle  tijd  en 
moeite die je hierin hebt gestoken! 
De  volgende  mensen  wil  ik  graag  bedanken  voor  hun  inzet,  analyses  van 
onderzoeksresultaten,  begeleiding  en  hulp  bij  het  schrijven  van  artikelen:  Anton  Vonk‐
Noordergraaf, Ad Nagelkerke, Frank Kneepkens, Jaap Huisman, Hein Raat, Philip Quanjer, 
Hanneke Meijers‐IJsselstijn, Dick Tibboel en Jacqueline Deurloo. 
Verder had  ik geen onderzoekspatiënten kunnen zien zonder de nodige administratieve 
ondersteuning: Monique Koot & collega’s van de polikliniek kindergeneeskunde bedankt! 
Michiel  S  en  Michiel  O,  ik  denk  nog  altijd  met  veel  plezier  terug  aan  de  vele 
onderzoeksdagen die ik heb doorgebracht in de (nu echt gesloopte) Meander. Michiel O, 
dankzij  jou was  ik altijd volledig op de hoogte van alle  feitjes die niemand anders weet 
(ook belangrijk), ik denk nog altijd lachend terug aan al je gekke uitspraken en acts die je 
opvoerde! Michiel S, je was mijn steun en toeverlaat in mijn eerste onderzoeksjaren, heel 
wat kopjes koffie en chocolademelk hebben we samen gedronken (“dan promoveren we 
toch een uur later…”), ik heb je gezelligheid en hulp altijd erg gewaardeerd!  
Andere mede‐onderzoekers: Anemone, Raphaele, Marieke en  Ilse,  op de dagen dat we 
samen in de Meander waren werd er niet altijd even hard gewerkt. Het bijhouden van alle 
nieuwtjes (op welk gebied dan ook) is ook belangrijk. Fijn om altijd even mijn frustraties 
kwijt te kunnen bij een van jullie. 
Lieve Lieneke en Floor, heel leuk dat jullie mijn paranimfen zijn! Lien, vanaf de eerste dag 
in Groningen waren we  , met een korte pauze, onafscheidelijk.  Ik ben het dan ook heel 
blij  dat  je  me  vandaag  bijstaat.  Floor,  omdat  we  ongeveer  gelijk  met  onze  opleiding 
startten werkten we  bijna  altijd  samen  op  dezelfde  afdeling,  altijd  gezellig!  Ik  vind  het 
heel fijn dat je ook op deze dag naast me staat! 
Verder natuurlijk alle collega’s van de kindergeneeskunde, bedankt voor jullie flexibiliteit 
en inzet als ik weer onderzoekspatiënten tussendoor ging zien. In het bijzonder wil ik nog 
bedanken voor hun collegialiteit,  gezelligheid en mentale  steun:  Janneke W,  Janneke K, 
Irene, Sophie, Celeste, Kathleen, Monique, Ellen en Sabine. 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Lieve Mariël,  Suus,  Lian,  Gijs  en  Pieter.  Onze  vriendschappen  begonnen  in  Groningen, 
sommigen van jullie ken ik letterlijk vanaf de 1ste dag dat ik daar ging wonen en studeren. 
Heel wat feestjes en jaren later zijn jullie er gelukkig nog steeds! De laatste jaren waren 
erg druk, nu dit is afgerond hoop ik jullie weer vaker te zien.  
Leo,  ik  ben  heel  blij  dat  ik  jou  heb  leren  kennen,  vaak  hebben we  aan  een  half woord 
genoeg. Ik hoop op nog vele kopjes thee en veel gezelligheid! 
Lieve  pap, mam en  Evelien,  zonder  jullie  had  ik  hier  nooit  kunnen  staan.  Bedankt  voor 
jullie onvoorwaardelijke steun op alle fronten!  
De laatste woorden van dit boekje zijn voor mijn lieve mannen thuis. Lieve Robert, zonder 
jouw  relaxte  instelling en hulp was dit nooit  gelukt. Wat ben  ik  gelukkig met  jou.  Lieve 
Stijn,heel wat  slaapuurtjes  van  jou heb  ik  achter  de  computer  doorgebracht,  ook  als  je 
wakker was werkte ik, tot je frustratie, nog wel eens door. Lieve Jurriaan, de dag nadat dit 
proefschrift af was werd jij geboren, ik kan me geen betere afsluiting (en timing) wensen! 
Ik ben er nu weer volledig voor jullie! 
 
 
 
  
163 
Curriculum Vitae 
 
Marieke  Peetsold  was  born  April  27th,  1977  at  Aruba.  She  graduated  from  secondary 
school  (Atheneum)  at  the Driemark  in Winterswijk  in  1995.  The  same  year  she  started 
medical  training  at  the  Rijksuniversiteit  Groningen  in  Groningen.  After  obtaining  her 
medical degree in 2001, she worked as a resident (ANIOS) at the Pediatric Surgical Centre 
of Amsterdam at the VU University Medical Centre (head prof.dr. H.A. Heij). In 2002 she 
started this research project under the supervision of prof.dr. R.J.B.J. Gemke and prof.dr. 
H.A.Heij   and  in 2003 she continued this as part of an AGIKO construction  (residency  in 
combination  with  PhD  research)  at  the  Pediatrics  department  of  the  VU  University 
Medical Centre (head: prof.dr. J.J. Roord, from 2005: prof.dr. W.P.F. Fetter). She lives with 
Robert van den Berg van Saparoea, together they have two sons, Stijn and Jurriaan. 
 

